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DEVELOPMENT  OF  THE  BRILL  SYSTEM  OF  TRUCKS  FOR    \y^ 
ELECTRIC  MOTOR  CARS. 

WM.    H.    HEULINGS,    JR. 
Read  Octobtr  $,  190$. 

During  the  Centennial  Exposition  several  types  of  steam  motor  cars 
were  put  in  use  on  the  streets  of  this  city.  *  The  Vice-President  of  the 
J.  G.  Brill  Company,  Mr.  Jno.  A.  Brill,  saw  that  if  cars  were  to  be  self- 
propelled  a  framework  would  be  required  separate  from  the  car  body 
to  carr}'  the  motors,  as  it  would  not  do  to  connect  the  motors  directly 
with  the  car  body;  the  framework  of  the  cars  must  be  as  light  as  pos- 
sible, and  therefore  the  vibrations  and  straining  of  the  motors  would 
quickly  rack  the  car  to  pieces. 

Street  railway  men  thought  Mr.  Brill  ^s  idea  not  practicable  because 
the  motors  w^ould  be  brought  too  near  the  pavement  and  would  there- 
fore become  clogged  \\ith  dirt;  they  also  thought  an  independent 
truck  would  be  too  cumbersome  to  use  under  light  cars.  It  was  not 
until  1885  that  the  idea  was  presented  in  anjlhing  like  a  complete 
form,  and  not  imtil  two  years  later  was  it  accepted  by  any  of  the  street 
railways  or  manufacturing  companies.  In  1887  two  cars  were  built 
for  Scranton  with  motors  upon  the  trucks;  before  that,  Vanderpoele 
built  two  cars  with  the  motor  set  upon  the  front'  platform  and  con- 
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nected  with  the  axles  by  chains  and  sprocket  wheels;  the  strain  of 
driving  was  thrown  upon  the  body  of  the  car — in  fact,  upon  the  front 
platform  timbers;  the  extra  weight  thus  carried  so  far  from  point  of 
support  was  bad,  and  the  cars  could  be  run  in  but  one  direction.  The 
racking  and  straining  quickly  shook  these  cars  to  pieces.  In  Sprague's 
early  electric  cars  the  motors  w^ere  hung  from  the  body  and  drove  the 
axles  through  gears,  but  as  in  the  Vanderpoele  experiment,  the  strains 
were  thrown  on  the  car  framing. 

The  first  trucks  which  we  built  had  each  pair  of  pedestals  cast  in  a 
single  piece  and  bolted  to  sub-sills  which  w^re  connected  at  either  end 
by  straight  crossings,  each  pedestal  enclosed  a  coil  spring,  and  there- 
fore four  pairs  of  coil  springs  comprised  the  spring  arrangement;  the 
side  bars  were  set  very  low  and  secured  under  the  pedestals ;  the  motor 
was  himg  on  the  axle  and  supported  by  springs  and  links  from  a  chan- 
nel iron  crossbar  at  the  center.  This  is  what  we  now  call  "  nose  sus- 
pension.'* The  truck  was  the  starting-point  of  the  mechanical  suc- 
cess of  electric  motors  and  street  cars.  We  built  several  himdred  of 
these  trucks,  some  of  which  are  running  to  this  day  and  giving  good 
service.  It  is  an  interesting  fact  that  the  right  method  of  motor  sup- 
port w^as  adopted  with  this  first  truck  and  is  the  method  which  is  now 
in  universal  use.  Thus  the  independent  truck  w^as  established  in 
street  railway  practice. 

Among  the  changes  which  quickly  followed,  and  which  were  des- 
tined to  be  permanent  features  of  this  type  of  truck,  were  the  aban- 
donment of  the  enclosed  pedestal  springs  and  the  adoption  of  spring 
posts.  This  necessitated  the  use  of  post  stays,  or  lower  chords,  w^hich, 
before  the  use  of  solid  side  frames,  were  trussed  to  the  upper  chords; 
the  journal  boxes  were  constructed  with  ears  which  carried  the  springs 
as  in  the  old  horse-car  method ;  the  base  of  each  box  w^as  rigidly  con- 
nected with  the  side  frames,  but  this  method  did  not  give  sufficient 
stability  to  the  support  of  the  car  body,  nor  wa.s  there  enough  strength 
in  the  connection  between  the  frames  and  the  boxes  to  keep  the  truck 
square. 

It  had  appeared  necessar\'  to  preserve  the  continuity  of  those  side 
bars.  Experience  proved  that  the  boxes  must  work  in  jaws  which 
must  be  an  integral  part  of  the  side  frames.  This  step  was  a  radical 
departure  whicli  embodied  the  correct  principles  of  all  truck  constnic- 
tion;  namely,  the  independent  frame,  in  addition  to  carrying  the 
motors,  must  keep  the  boxes  and  axles  in  parallel  relation;  in  other 
words,  the  squareness  of  the  truck  must  depend  upon  the  truck  frames. 
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The  axle-box  yokes  in  the  side  frames  were  necessarj'  not  only  for  tmck 
squareness,  but  also  to  permit  the  body  of  the  truck  to  be  lifted  off 
the  axles  so  that  the  motors  might  be  inspected  and  repaired  in  pits. 

The  early  motors  were  arranged  to  be  carried  low,  therefore  the  side 
frames  were  also  carried  low.  Soon  motors  were  constructed  that 
could  be  carried  higher,  and,  what  was  of  supreme  importance,  were 
completely  encased.  The  encasing  of  the  motors,  protecting  them 
from  moisture  and  dirt,  was  the  real  beginning  of  the  general  use  of 
electric  motor  cars,  since  it  removed  one  of  the  chief  obstacles.  The 
motor  supports  were  wholly  depended  on  to  connect  one  side  frame 
rigidly  with  the  other.  The  heavy  motors  that  came  into  use  with  the 
use  of  larger  car  bodies  brought  too  much  stress  upon  these  center 
crossings ;  therefore  independent  motor  supports  were  placed  upon  the 
frame  and  straight  crossings  were  used  at  the  centers  between  the 
wheels  and  also  at  the  ends  of  the  frames  outside  the  wheels. 

An  important  advance  on  this  construction  was  the  introduction  of 
diagonal  crossings  at  the  centers  of  the  frames.  A  serious  difficulty 
which  for  a  long  time  baffled  all  attempts  to  overcome  was  the  bound- 
ing motion,  or  oscillation,  of  the  car  body;  there  was  evidently  some- 
thing wTong  with  the  spring  system.  We  were  the  first  to  recognize 
that  the  difficulty  lay  in  the  fact  that  the  rail  joints  produced  a  rhyth- 
mic motion  in  the  coil  springs;  we  therefore  introduced  slower  acting 
elliptical  springs.  This  discovery  was  made  about  the  same  time 
we  conmienced  making  solid  forged  side  frames;  therefore  it  was  a 
simple  matter  to  lengthen  the  extensions  and  mount  the  elliptical 
springs  at  the  ends  of  the  extensions,  thus  breaking  the  rhythm  set 
up  b}'  the  coil  springs,  and  to  a  large  extent  preventing  oscillation. 
At  the  same  time  the  elliptical  springs  extended  the  spring  base. 
Later  on  the  fuU-elliptical  springs  were  superseded  by  semi-ell iptics, 
which  stiU  further  extended  the  spring  base  and  were  slower  acting. 

The  correct  principle  in  all  truck-building  is  to  have  the  frames  sup- 
port the  car  body  as  nearly  as  possible  over  the  points  where  they  are 
themselves  supported. 

When  axle-box  yokes  were  first  adopted,  rubber  cushions  were  in- 
terposed between  boxes  and  yokes,  as  no  way  of  carr}'ing  the  frame 
upon  springs  had  been  devised,  and  the  importance  of  absorbing  vibra- 
tions and  shocks  before  they  reached  the  frames  was  not  realized. 
Rubber  was  a  poor  makeshift,  however,  and  soon  careful  attention  was 
given  to  this  part  of  the  spring  arrangement.  After  various  experi- 
ments, a  satisfactory^  method  was  adopted  of  supporting  the  frames  on 
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large-diameter  coil  springs  set  in  pairs  in  ears,  east  on  both  sides  of  the 
journal  boxes;  by  this  means  the  truck  frame  was  carried  low,  and 
therefore  the  car  body  was  carried  low — a  very  essential  matter,  since 
the  single  truck  is  mostly  used  in  city  service  where  it  is  necessarj'  to 
have  the  car  steps  as  low  as  possible  to  facilitate  ingress  and  egress. 
These  coils  being  in  pairs,  the  boxes  were  held  in  an  upright  position 
enabling  them  to  work  freely  in  the  jaws. 

While  the  single  truck  was  being  developed,  the  necessity  for  longer 
car  bodies  arose,  requiring  pivotal  trucks.  The  height  of  cars  could  be 
little  increased,  space  between  the  tracks  could  not  be  widened,  and 
the  radii  of  cun^es  must  remain  practically  the  same  as  before.  How 
to  find  room  for  double  trucks  to  radiate  under  narrow  cars  was  the 


Fig.  1. — Non-oscillating   Trick  for  Font-wHKKLKn  Cars   (No.  21 -K).    Solid  Forgkd 

Sn>K  Frames. 


problem.  Little  was  to  be  learned  from  steam  practice.  The  limi- 
tations of  operating  on  streets  made  the  case  entirely  different,  requir- 
ing the  evolving  of  new  principles  of  constniction  throughout.  To 
give  room  for  the  motor  and  to  allow  the  trucks  to  be  located  near  the 
ends  of  the  car  body,  and  yet  avoid  the  stej)s,  were  the  reasons  for 
placing  the  bolster  out  of  center  in  the  first  pivotal  truck  which  was 
built.  This  resulted  in  loss  of  traction,  as  the  motor  was  applied  to 
the  wheels  carrA'ing  tlie  smaller  proportion  of  the  load;  it  was,  in  fact,  a 
true  ''minimum  traction^'  truck.  The  advantage  of  having  ample 
tractive  power  was  quickly  discovered,  and  the  next  type  was  the 
''Maximum*'  Traction  Truck — the  first  of  its  kind,  unique  in  idea  and 
design,  the  truck  consisting  of  a  pair  of  ordinary  sized  driving  wheels 
and  a  pair  of  pony  wheels  with  the  weight  eccentrically  distributed 
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so  that  the  large  wheels  carried  nearly  all  of  the  load,  the  pony  wheels 
bearing  just  enough  to  enable  them  to  guide  on  the  track.  There  was 
no  bolster,  the  load  being  carried  on  side  bearings  over  the  journals  of 
the  drivers;  a  pivotal  plate  over  the  rear  axle  took  none  of  the  load,  its 
office  being  merely  to  take  the  draft  of  the  truck.  While  this  arrange- 
ment enabled  one  end  of  the  truck  to  swing  clear  of  the  sills  of  the  car 
body  in  operation,  it  was  found  that  the  springs  at  the  sides  of  the  axle 
boxes  of  the  pony  wheels  interfered  with  the  running-board,  or  step, 
of  open  cars ;  it  therefore  became  necessary  to  make  other  disposition 
of  them,  as  the  truck  was  limited  to  use  under  closed  cars.  This  diffi- 
culty w^as  overcome  by  narrowing  the  upper  chord  at  the  forward  end 


Fig.  2. — Maximum  Traction  Truck  for  Low  and  Narrow  City  Cars  (No.  22). 

Forged  Side  Frames. 


Solid 


and  seating  the  springs  on  the  front  crossing.  This,  however,  was  a 
temporary  expedient.  Permanent  corrections  were  the  doing  away 
with  the  drawing  plate  over  the  rear  axle  which  interfered  w4th  the 
motor  and  substituting  a  radial  casting  by  which  the  truck  was  drawn, 
and  by  the  use  of  guides  secured  to  the  car  body  for  the  side  bearings. 
The  truck  w^as  thereby  made  to  radiate  from  an  imaginary  point  located 
about  six  inches  inside  the  driving  axle.  This  was  the  first  truck  to 
have  solid  forged  side  frames.  The  composite  frames  were  so  unsatis- 
factor}%  bolts  and  nuts  could  not  be  kept  tight,  and,  difficult  as  the 
forging  of  such  frames  was,  we  believed  that  the  success  of  the  truck 
depended  upon  it.     We  shall  have  more  to  say  later  of  forged  frames. 
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The  greatest  problems  which  confronted  us  were  the  brake  system 
and  proportioning  the  weight  upon  the  pony  wheels.  Discouragement 
followed  discouragement;  the  pressure  was  the  same  on  the  large 
and  small  wheels,  and,  as  a  consequence,  the  small  wheels  had  a 
disposition  to  lock  and  slide,  long  before  the  car  could  be  brought 
to  a  standstill.  This  was  decidedly  objectionable  because  of  the 
small  wheels  rapidly  becoming  flat  in  places,  and  because  of  the 
racking  and  the  jolting  of  the  truck  while  the  wheels  were  skid- 
ding. Derailments  continued  through  a  long  series  of  experi- 
ments. At  length  differential  levers  were  devised  which  divided  the 
pressure  on  the  small  and  large  wheels  in  proportion  to  the  weight 
resting  on  them.  This  was  entirely  successful.  A  pair  of  coil  springs 
wera  placed  on  the  side  frames  close  to  the  large  yokes  through  which 
were  spring  posts  which  carried  the  side  bearings.  This  brought  the 
weight  between  the  center  of  the  truck  and  the  driving  wheels,  making 
the  proportion  on  the  pony  wheels  about  25  per  cent.  A  spring  com- 
pression post  directly  back  of  the  pony  wheels'  axle  increased  the  load 
upon  them  on  cun^es  by  means  of  a  "  V  plate  attached  under  the  car. 
The  frame  was  mounted  on  journal  springs. 

Eight  or  nine  years  ago,  roads  in  various  parts  of  the  country  com- 
menced extensions  to  neighboring  towns,  some  of  them  acquiring  pri- 
vate rights  of  way.  This  was  the  beginning  of  the  interurban  electric 
railroading  which  has  progressed  so  marvelously.  High-speed,  long 
and  heavy  cars  were  required  for  this  form  of  service,  and  therefore 
trucks  for  four-motor  equipments  per  car  were  needed.  The  first 
type  we  designed  for  these  requirements  was  a  side-bearing  swing 
bolster  truck  with  six-foot  wheel  base  and  cast-steel  frames;  this  was 
the  first  passenger  truck  to  have  the  side  frames  east  in  a  single  piece 
comprising  upper  and  lower  chords,  jaws  for  the  boxes  and  extensions. 
Careful  observ^ation  of  the  operation  of  this  tnick  and  increasing  op- 
portunities for  studying  the  conditions  of  such  ser\dce  convinced  us  of 
the  need  of  an  equalized  truck.  Apparently,  now  was  the  time  to  look 
to  steam  practice.  The  so-called  *'  Master  Car  Builders' "  equalized 
truck  was  in  general  use,  and  is  to-day,  but  after  exhaustive  experi- 
ments and  tests  with  that  type  we  turned  from  it,  assured  that  the 
principle  of  supporting  the  frames  on  equalizing  l)ars  was  incorrect. 
The  frames  tilted  as  much  as  five  inch(\s  under  rai)id  brake  action,  re- 
lieving for  the  time  one  pair  of  wheels  of  part  of  their  load.  We  found 
otlier  faults:  The  steel  hangers  of  the  bolster,  although  allowing  a 
side  s\nng,  did  not  cushion  the  motion;  in  taking  cur\Ts,  the  side  swing 
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fetched  up  with  a  jerk  which  jarred  the  car  and  forced  the  wheel  flanges 
violently  against  the  rails,  and  frequently  the  bolsters  would  strike  the 
wheel  pieces.  The  draw-bar  pull  of  the  locomotive  has  saved  many  a 
derailment.  We  found  that  the  tremor  so  noticeable  in  trucks  of  this 
character  was  caused  by.  the  equalizing  bars  resting  directly  on  the 
journal  boxes,  holding  them  rigidly  at  right  angles  and  preventing 
free  vertical  movement.  Cars  are  often  violently  shaken  when  coming 
to  a  stop  by  frames  tilting  and  the  boxes  binding  in  the  jaws,  because 
the  equalizing  bars  prevent  their  assuming  the  same  incline  with  the 
jaws  which  are  an  integral  part  of  the  frames.  The  truck  which  we 
produced,  and  which  wide  experience  has  approved,  radically  differs 
from  the  former  equalized  swing  bolster  truck;  each  side  frame  is 
made  of  a  single  piece  of  wrought  or  cast  metal  with  angle  iron  tran- 


FlG. 


3. — High-speed   Intbrurban  ahd  Steam   Passenger  Trdck  (No.   27-E).      Solid 
Forged  Side  Frames. 


soms,  end-pieces  and  tie-bars.  Journal  springs  carr}'  the  frame, 
affording  a  spring  base  as  long  as  the  wheel  base.  The  equalizing  bars 
are  suspended  by  spring  links  from  the  side  frames  near  the  yokes, 
giving  a  leverage  in  favor  of  stabilit3\  The  spring  plank  is  rigidly 
secured  to  the  centers  of  the  equalizing  bars  and  carries  the  bolster 
in  the  usual  fashion  on  elliptical  springs.  The  links  at  the  ends  of 
the  equalizing  bars  swing  the  bolster,  and  at  the  end  of  the  swing 
the  springs  in  the  links  cushion  the  motion.  The  shallow  wheel  flanges 
that  are  necessary  on  many  of  the  high-speed  electric  roads  on  account 
of  using  both  girder  and  "T'^  rails,  the  many  curv^es  usually  encoun- 
tered, and  the  fact  that  there  is  no  draw-bar  pull  to  steady  the  car 
render  it  necessar>'  to  have  a  perfectly  equalized  truck,  and  we  believe 
we  have  found  it  in  this  typo  known  as  the  Brill  No.  27  Truck. 
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This  truck  was  also  used  for  several  years  after  its  advent  under  long 
and  heavy  city  and  suburban  <;ars,  which  required  a  four-motor  equijj- 
ment.  The  long  wheel  base  was  objectionable  for  city  service,  but 
seemed  necessar}^  on  account  of  using  a  pair  of  motors  per  truck.  In 
1899  we  produced  a  short-base  truck  which  supported  the  motors  on 
the  end-pieces.  It  wai  an  equalized  truck  of  the  same  system  as  the 
high-speed  truck,  but  modified  to  suit  the  requirements  of  narrow 
and  low-carried  cars.  Instead  of  casualizing  bars,  semi-elliptic  springs 
are  used  which  support  a  bolster  of  truss  form,  thereby  doing  away 
with  the  spring  plank.     By  having  no  spring  plank,  space  is  obtained 


Fig.   4.— TRrcK    for    Fast    and    Hkavy    City    and   Sibirban    Servick     (No.    27-Gk 
Solid  Forgeh  Side  Frames. 


for  inside-hung  brakes;  the  semi-ell ip tics  are  suspended  from  the 
side  frames  by  spring  links. 

During  the  development  of  these  types  we  worked  out  brake  systems 
which  respond  quickly  to  the  operating  arrangements  and  insure  an 
equal  pressure  on  the  wheel  of  the  entire  surface  of  each  brake  shoe. 

The  journal  box  came  in  for  a  large  share  of  attention,  and  ulti- 
mately a  box  was  devised  that  was  dust-proof  and  self-oiling. 

Before  going  further  let  us  mention  some  of  the  things  which  have 
come  into  general  use,  which  we  have  contributed  to  the  art  of  modem 
truck-building  : 

The  idea  of  independent  trucks  for  motor  cars;  the  use  of  spring 
posts;  pedestals  made  part  of  the  side  frames;  the  hanging  of  brakes 
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from  side  frames;  the  placing  of  plate  springs  on  the  frame  exten- 
sions; supporting  the  frame  on  springs;  the  maximum  traction  idea; 
the  side  frame  cast  in  a  single  piece. 

We  have  patented  and  retain  for  our  own  use  the  systems  and 
special  features  of  the  various  types  of  trucks. 

We  have  left  to  the  last  the  discussion  of  truck  frames  because  the 
subject  relates  to  all  the  trucks.  In  an  article  published  in  the  '^  Street 
Railway  Journal "  of  May,  1899,  Mr.  Jno.  A.  Brill  called  attention  to 


Fio.  5. — Welding  a  Side  Frank  of  the  No.  21-E  Truck. 


a  remarkable  parallel  in  the  successive  steps  by  which  locomotive  and 
electric  truck  frames  have  been  developeil.  He  showed  that  the  frames 
were  the  outgrowth  of  the  requirements  of  constantly  enlarging  lines 
of  service.  At  first  rivets  were  used  everywhere  to  hold  the  parts 
together  and  the  frames  were  made  up  of  materials  ready  at  hand  in 
the  market.  A  multiplicity  of  parts  riveted  together  formed  what 
seemed  to  be  a  solidly  connected  whole.  It  is  an  odd  fact,  in  view 
of  the  ser\^ice  the  modern  electric  truck  has  to  perform*  that  many 
builders  of  the  present  time  are  working  with  the  same  limited  con- 
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ception  of  the  problem  as  did  the  locomotive  builders  in  the  early 
days — the  controlling  idea,  maximum  power  and  convenience  of 
manufacturer.  In  less  than  six  years'  experience  American  loco- 
motive builders  found  that  such  frames  were  not  proper  foundations 
upon  which  to  mount  an  engine.     In  the  year  1840  the  Baldwin  Loco- 
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Fig.  6. — Forging  a  Yoke' for  a  Xo.  27-E  Trick  Sidb  Frame. 


motive  Works  were  using  solid  iron  frames,  and  this  practice  has  been 
followed  by  the  locomotive  builders  of  this  country  ever  since.  Every 
conceivable  form  of  truss,  built-uj),  or  cast-metal  work,  has  been 
us(^d  by  truck  buildei*s  in  the  endeavor  to  ev^ade  the  expensive  and 
difficult  manufacture  l)y  the  solid  forging  process.  The  builders  of 
trucks  for  steam  roads  are  also  ineluded.     The  gusset  plates  and 
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forged  transoms  of  their  trucks  are  not  successful  in  keeping  them 
square,  and  squareness  is  the  prime  essential  in  all  truck  construction. 
Tnisses  and  riveted  work  do  verv  well  so  far  as  a  vertical  static  load 


FtO.    r»— PltKtMilNU    A    V*JlfE    IPUft    A.    So.    27 -E    TltlCk    Si  HE    Fk4U|C. 


Fig.  8. — A  Solid  Purged  Side  Frame  op  the  No.  27-G  Trick 


is  concerned;  such  as  in  bridge-building;  but  where  strains  come  from 
ever>'  direction,  and  shocks  and  vibrations  have  to  be  constantly 
endured,  such  methods  of  construction  are  radically  wrong — a  state- 
ment which  has  been  amply  proved  in  practice.     It  is  impossible 


12  HeuHngs — Brill  System  of  Trucks  for  Motor  Cars. 

to  overstate  the  importance  of  having  frames  capable  of  maintaining 
their  original  squareness:  Rivets  loosen;  heads  sheer  off;  bolts  work 
loose;  and  as  soon  as  the  frames  yield,  deterioration  conmiences  and 
proceeds  rapidly,  because  any  variation  from  absolute  squareness 
allows  the  axles  to  get  out  of  parallel,  the  motors  then  lose  their  proper 
alignment,  the  journals  are  forced  out  of  true  bearing,  the  boxes  bind 
in  the  jaws,  the  wheel  flanges  out  of  parallel  wath  the  rails,  grinds  con- 
tinually against  them,  and  vibration  is  increased  by  friction.  For 
many  years  we  used  cast-steel  frames  for  our  pivotal  trucks,  and  are 
still  using  them  largely,  but  we  find  that  cr\^stallization  is  sure  to 
take  place.  About  four  years  ago  we  built  a  lot  of  high-speed  tnicks 
for  the  Buffalo  and  Niagara  Falls  Electric  Railway  which  have  been 
giving  excellent  service,  but  recently  many  of  them  have  broken  in 
one  place  or  another.  In  a  paper  read  before  the  Pittsburg  Railway 
Club  last  April,  Mr.  A.  W.  McCaslin,  master  blacksmith  of  the  Pitts- 
burg and  Lake  Erie  Railway,  said: 

"  If  tensile  and  torsional  strength  were  the  only  requisite  of  a  per- 
fect material  for  locomotive  frames  (cast),  steel  would,  indeed,  be 
the  ideal  metal;  but  where  shocks  and  vibrations  are  factors,  there 
is  danger  in  its  use.  ...  On  one  of  our  neighboring  railroads 
they  have  had  within  the  last  six  months,  thirty-five  steel  frames 
break  on  their  consolidation  engines,  while  only  one  wrought-iron  frame 
has  broken.' ' 

A  motor  truck  frame  has  to  withstand  more  severe  shocks  and 
vibrations  than  a  locomotive  frame,  and  carries  a  much  heavier  load 
in  comparison.  Of  the  thousands  of  WTought  or  solid  forged  frames 
we  have  made,  only  a  small  fraction  of  1  per  cent,  have  broken  or 
in  any  way  needed  repairs.  Cast-steel  frames  are  better  than  riveted 
or  built-up  structures,  because  they  keep  square,  do  not  sag,  and 
cannot  be  shaken  apart.  Solid  forging  is  using  metal  with  a  fiber  to 
it  and  toughening  it  while  being  shaped  under  tremendous  pressure. 

DISCUSSION. 

The  President. — The  Club  is  under  many  obligations  to  Mr.  Heulings  for 
presenting  this  paper,  and  I  am  equally  sure  he  will  be  glad  to  hear  from  any 
member  of  the  Club  who  wishes  to  discuss  the  subject. 

Robert  Schmitz. — I  should  like  to  ask  Mr.  Heulings  what  diameter  wheels 
were  used  on  the  Schenectady  line  that  made  the  ten  miles  in  eight  minutes. 

Mr.  Heilixgs. — Thirty-six  inches. 

Mr.  Schmitz. — What  is  the  usual  diameter? 

Mr.  Hei'lings. — Thirty-three. 
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Hexry  H.  Quimby. — I  should  like  to  ask  Mr.  Heulings  how  the  trucks  arc 
braced  to  hold  them  square. 

Mr.  Heulings. — Braced  with  diagonal  tie-rods  directly  across  the  center, 
and  tying  vertically  from  a  point  about  seven  inches  inside  of  the  spring. 

Mr.  Quimby. — Were  they  adjustable  rods? 

Mr.  Heulings. — No;  we  forge  them  up  to  the  place  and  bolt  them  there. 

Mr.  Quimby. — How  are  they  secured? 

Mr.  Heulings. — To  the  side  of  the  frame  by  bolts.  I  have  never  known 
of  them  getting  out  of  place  except  in  a  collision.  The  greater  portion  of  strain 
is  taken  up  there,  and  in  addition  we  have  end-pieces  from  which  the  brakes 
are  hung.  There  is  a  diagonal  brace  across  the  entire  truck.  That  applies  to 
the  21  E  trucks  or  single-truck.  The  double-trucks  are  held  by  the  angle  irons 
across  the  ends  of  the  truck  outside. 

Mr.  Quimby. — The  holes  for  those  bolts  are  drilled? 

Mr.  Heulings. — They  are  drilled  originally  and  reamed  and  driven  bolts  are 
used  with  lock-nuts. 

The  President. — I  would  like  to  ask  Mr.  Heulings  what  is  the  weight  of  the 
larger  cars  u.sed  by  the  Traction  Company  in  Philadelphia — the  latest  pattern 
of  car. 

Mr.  Heulings. — Do  I  miderstand  that  to  be  in  operating  condition? 

The  President. — Yes,  complete  with  motor  equipment. 

Mr.  Heit^ings. — I  can  give  the  exact  car  body — about  twelve  thousand  six 
hundred  pounds;  each  one  of  the  trucks  about  forty-three  hundred  and  fifty 
pounds.  The  motor  equipments  would  weigh  ten  or  eleven  thousand,  and  air- 
brake equipment  should  be  four  hundred.  Thirty-two  thousand  seven  hmidred 
is  the  total.     About  a  16-ton  car. 

James  Christie. — Mr.  Chairman,  I  did  not  have  the  pleasure  of  visiting  the 
Brill  Company's  works  with  our  members,  and  consequently,  am  not  familiar 
with  some  of  the  matters  under  review.  I  would  like  to  ask  Mr.  Heulings  a  few 
questions.     Are  the  billets  referred  to,  wrought-iron  or  steel? 

Mr.  Heulings. — They  are  soft  steel. 

Mr.  Christie. — Does  your  Company  manufacture  a  track  brake? 

Mr.  Heulings. — We  have  made  quite  a  number  and  still  continue  to  make 
them. 

Mr.  Christie. — I  have  been  traveling  a  good  deal  lately  on  the  Pittsburg 
street  railways,  and,  as  you  are  aware,  especially  on  the  Allegheny  City  side, 
tliey  have  very  steep  grades,  and  run  at  high  speeds.  I  observe  an  extensive 
use  of  the  magnetic  rail  brake,  and  think  it  is  superseding  the  old  wheel  brake. 
Douljtless  the  action  of  this  brake  is  under  the  control  of  the  motorman ;  never- 
theless, the  cars  are  usually  stopped  so  suddenly  that  the  unfortunate  passengers 
who  have  to  stand  and  hold  on  to  the  straps,  have  difficulty  in  maintaining  their 
equilibrium.  These  brakes  have  the  advantage  of  largely  overcoming  the  trouble 
due  to  flattening  of  wheels.  Keferring  to  Mr.  Heulings's  objections  to  steel 
ca«<tings,  I  am  of  the  opinion  that  a  good  sound  casting,  properly  made  and 
properly  aimealed,  approximates  closely  in  physical  properties  to  that  of  a  forg- 
ing. Steel  castings  are  now  largely  used  instead  of  forgings.  The  casting  has 
at  least  one  advantage,  and  that  is  that  you  can  form  your  pattern  to  any  desired 
shape,  flanging  it  and  modifying  its  section  to  suit  the  intended   purpose  in  a 
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manner  that  would  l>e  almost  impracticable  with  a  forging.  Can  Mr.  Heulings 
tell  us  what  material  for  brake  shoes  has  been  found  the  most  effective,  fulfilling 
the  purpose  of  the  brake  and  reducing  the  tendency  to  flatten  or  unduly  wear 
the  wheel? 

Mr.  Heulings. — I  will  take  up  each  of  the  questions  separately.  The  track 
brake  is  not  in  reality  a  track  brake,  as  might  be  conveyed,  but  is  a  combination 
electric  track  brake.  I  have  seen  it  myself.  If  operated  prop>erly,  the  motorniaii 
could  bring  the  car  to  as  comfortable  a  standstill  as  an  ordinary  hand-car.  The 
man  that  understands  it,  knows  the  condition  and  controls  it;  that  is,  the  track 
brake  put  on  the  market  at  the  present  time  by  the  Westinghoase  Brake  (  oni- 
pany.  As  far  as  cast-steel  is  concerned  as  compared  to  a  wrought-iron  forging — 
my  experience  has  been  only  in  reference  to  trucks.  I  have  known  where 
wrought-iron  trucks  have  not  failed  and  cast-iron  trucks  have  failed.  As  regards 
brake  shoes,  the  most  satisfactory  shoe  we  have  found  is  the  soft  gray  iron  brake 
shoe  with  pieces  of  wrought-iron  let  into  the  face.  It  increases  the  life  and  does 
not  wear  out  the  wheel.  There  have  been  a  great  many  different  styles  put  on  tlie 
market,  but  nothing  has  seemed  to  fill  the  bill  so  thoroughly  as  the  small  pieces 
of  wrought-iron  let  into  tlie  surface  of  the  brake  shoe. 

Thos.  C.  Mc Bride. — I  understand  it  is  quite  customary  to  straighten  crooked 
cast-steel  castings  cold — probably  while  the  inspector's  back  is  turned;  never- 
theless I  liear  it  is  done  very  often.  What  effect  has  that  on  the  life  of  the  cast- 
ing? 

Mr.  Christie. — I  do  not  think  it  is  good  practice  to  straighten  cold  metals 
of  the  kind  we  have  under  consideration.  Doubtless  such  straightening  has 
been  and  always  will  be  done  more  or  less.  All  our  mills  straighten  their  struc- 
tural material  cold.  It  is  endeavored,  however,  to  straighten  by  roller  process 
and  avoid  sharp  bending  as  much  as  possible. 

Francis  Schumann. — I  would  like  to  su^k  Mr.  Heulings  whether  the  fracture 
in  the  steel  frames  occurred  at  the  same  point. 

Mr.  Heulings. — The  fracture  I  referred  to  on  the  Buffalo  and  Niagara  Falls 
trucks  I  think  in  ninety  per  cent,  occurred  in  exactly  tlie  same  place. 

Mr.  Schumann. — Near  the  boxes? 

Mr.  Heulings. — No,  sir;  pretty  near  the  center  of  the  frame — within  a  few- 
inches  of  the  center  of  the  franxe. 

L.  Y.  Schermerhorn. — The  trolley  cars  are  very  noisy;  how  much  of  this 
noise  is  due  to  the  permanent  way,  how  much  to  the  trucks,  and  how  much  to 
the  motor?  It  would  hardly  seem  due  to  the  rolling  parts  of  the  trolley,  or  to 
the  wheels  being  brought  in  contact  with  the  various  joints.  A  ver>^  large  part 
of  the  noise  probably  comes  from  the  motor  itself.  I  would  like  to  ask  if  this 
assumption  is  correct. 

Mr.  Heulings. — A  portion  of  the  noise  always  comes  from  the  motor.  I 
should  not  thmk  it  is  the  greater  portion.  You  will  find  more  noise  on  exactly 
the  same  kind  of  equipment  on  some  divisions  than  others.  It  is  due  to  the 
absence  of  care  in  looking  after  the  braking  apparatus.  The  motor  noise  and 
the  truck  noLse  are  radically  different.  The  motor  noise  is  a  distinct  buzz,  and 
you  can  detect  it  above  ain-thing. 

Mr.  Christie. — Much  of  tlie  noise  in  our  electric  cars  comes  from  imperfect 
tooth-gearing.     When  flat  faces  are  produced  on  the  wheels,  we  hear  the  dis- 
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tinctive  hammer  due  to  that  noise.  The  strain  on  the  spur  gears  is  very  great, 
and  when  these  are  made  of  ordinary  material,  the  curves  of  the  tooth  are  soon 
flattened  and  the  gears  become  noisy.  The  remedy  for  this  is  to  maintain  as 
much  face  of  tooth  as  possible,  and  use  very  hard  steel  in  the  gears. 

Mr.  Bering. — It  seems  to  me  that  among  all  those  trucks  shown  in  the  slides, 
the  most  noLsy  is  the  maximum  traction  truck.  There  is  a  vibration  set  up 
when  the  brakes  are  applied,  and  it  makes  the  whole  framework  rattle  very 
badly.  I  would  like  to  ask  whether  that  has  now  been  overcome.  I  notice 
this  rattling  on  many  cars  in  this  city  equipped  with  this  maximum  traction 
truck. 

Mr.  Heulings. — As  I  stated,  the  maximum  traction  truck  is  the  most  com- 
plicated we  have.  We  have  two  different  weights  on  the  two  pairs  of  wheels, 
and  we  have  to  arrange  it  in  such  a  manner  that  all  wheels  will  brake  at  the  same 
time.  There  is  a  way  to  overcome  it.  This  consists  of  a  bracket  casting  which 
is  bolted  to  the  cross-bar  which  holds  the  brake  beam  down.  As  soon  as  it  gets 
below,  the  rapid  revolution  of  the  wheel  has  a  tendency  to  jar  it  up.  This  does 
not  entirely  eliminate  but  overcomes  the  difficulty  very  largely.  The  state- 
ment is  correct,  there  is  more  rattle  on  a  maximum  traction  truck  than  any  other 
truck.     It  is  due  entirely  to  the  brake  apparatus. 

Mr.  Quimby. — What  truck  is  used  in  New  York  city? 

Mr.  Heulings. — The  maximum  traction  truck  is  used  entirely  in  New  York. 
I  think  there  are  seven  thousand  in  operation  in  Greater  New  York  at  the  pres- 
ent time,  and  they  have  largely  overcome  the  brake  rattling  condition  by  keeping 
the  castings  thoroughly  down.  I  don't  think  it  would  be  possible  to  sell  any 
other  pattern  of  truck  to  the  Metropolitan  Street  Railway  or  the  Brooklyn 
Heights  people.  They  have  met  the  conditions  thoroughly  and  are  entirely 
satisfied. 

Walter  Loring  Webb. — The  maximum  traction  truck  is  generally  put  on 
with  the  large  wheel  toward  the  end  of  the  car  and  the  small  wheel  inside. 

Mr.  Heulings. — That  is  correct. 

Mr.  Webb. — I  noticed  the  other  day  some  cars  in  the  city  where  the  smaller 
wheel  was  near  the  end.  I  was  wondering  whether  it  was  the  same  kind  which 
was  turned  around  for  equalizing  the  wheels. 

Mr.  Heulings. — The  real  reason  for  that  is  (it  is  not  a  truck  of  our  make;  it 
is  made  in  Chicago  and  is  a  center  bolster  truck) — the  object  in  reducing  the 
size  is  to  get  the  wheels  down  so  that  they  would  clear  the  platform  beams.  That 
was  the  reason  for  decreasing  the  size.  It  would  operate  just  as  satisfactorily 
if  they  had  larger  wheels. 

Mr.  Hering. — Is  only  one  pair  driven  or  both  pair? 

Mr.  Heulings. — Only  one  pair  driven. 

The  President. — Has  Mr.  Heulings  any  objection  to  stating  the  extent  to 
which  these  Philadelphia  made  trucks  are  used  in  foreign  countries?  I  think 
it  would  be  interesting  to  the  members. 

Mr.  Heulings. — I  am  ver>'  glad  to  make  the  statement.  It  is  certainly  a 
great  pleasure  and  I  usually  embrace  every  opportunity.  Last  year  from  Great 
Britain  we  received  orders  for  about  eiglity-seven  per  cent,  of  the  trucks  used 
there.     The  remaining  thirteen  per  cent,  were  divided  up  between  five  British 
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and  three  American  builders.  The  large  majority  were  with  the  wrought  frame. 
That  is  the  proportion  of  our  British  work. 

\Vm.  C.  L.  Eglix. — When  in  London,  in  the  year  1900,  I  went  to  a  street-car 
exposition  with  an  American  engineer,  and  he  pointed  out  a  good  many  freak 
cars  of  peculiar  form,  and  then  after  we  had  gone  around,  I  went  to  look  at  the 
trucks  and  discovered  that  there  were  some  twenty-three  different  car  builders 
with  the  same  truck,  and  that  was  made  in  Philadelphia. 

Mr.  Hering. — I  move  to  extend  a  vote  of  thanks  to  Mr.  Heulings,  who  is  not 
a  member  of  the  Club,  for  his  kindness  in  preparing  this  very  interesting  paper 
for  us,  and  in  conducting  us  around  the  works  of  his  Company  this  afternoon. 
Also  to  the  J.  G.  Brill  Co.  for  the  privilege  of  allowing  us  to  inspect  their  interest- 
ing works,  and  for  the  courtesies  extended  to  us. 

The  President. — I  am  very  glad  indeed  to  put  that  motion. 

(The  motion  was  put  and  carried  unanimously.) 
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■  FOUNDRY  COSTS:  THEIR  ANALYSIS  AND  REDUCTION.     V 

HENRY   HESS. 
Read  October  17.  1903. 

In  order  to  economically  manage  a  foundry  it  is  necessary  to  know 
accurately  the  various  elements  of  expenditure  and,  having  these, 
to  analyze  properly  their  relation  to  one  another  and  to  the  product. 
The  manager  is  then  in  a  position  to  check  at  once  any  rising  tendency 
of  the  costs  or  to  bring  about  a  reduction,  as  the  analysis  points  out 
an  opportunity.  No  doubt,  all  of  this  can  be,  has  been,  and  is  being 
done  successfully  to-day  ty  many  a  foundryman  to  the  entire  welfare 
of  the  business  without  any  conscious  or  formal  analysis  or  detail 
accounting.  There  are  many  managers  of  the  old  school  who,  through 
personal  experience,  a  high  order  of  native  talent,  and  close  touch  with 
every  detail,  get  along  without  other  aids.  But  in  these  days  of  large 
and  growing  concerns,  it  is  neither  advisable  nor  safe  to  rely  utterly 
on  one  man,  no  matter  how  capable,  nor  yet  to  the  best  interests  of 
all  concerned  to  burden  the  higher  officials  with  the  infinite  detail 
work  needed  to  get  into  sufficiently  close  personal  touch  with  the 
entire  working  routine. 

It  is  quite  possible  so  to  present  the  xdtal  elements  of  cost  that  the 
managing  head  can  at  once  grasp  all  salient  features,  see  whether  cost 
is  stationary  or  not,  and  determine  where  effort  must  be  applied  to 
check  a  rise  or  bring  about  a  reduction.  The  necessary  work  forming 
the  basis  of  analysis  can  be  readily  performed  by  a  very  ordinary 
grade  of  shop  clerk,  once  the  routine  has  been  fixed. 

To  start  with,  all  of  the  elements  of  cost  must  be  enumerated.  It 
is  welj  also  to  assign  to  each  element  a  value,  not  so  much  with  the 
idea  that  this  value  is  absolutely  correct,  but  rather  to  have  some 
basis  of  comparison ;  experience  may  be  relied  upon  to  gradually  bring 
about  correct  values.  The  figures  given  hereafter  are  to  be  taken 
as  having  merely  an  illustrative  value;  no  attempt  is  made  to  provide 
a  record  of  actual  or  proper  costs. 

In  illustration,  the  elements  of  cost  are  divided  among  a  few  main 
heads  as  follows,  it  being  understood  that  for  actual  work  a  subdivi- 
sion more  in  detail  must  be  used;  to  enumerate  them  fully  is  outside 
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the  province  of  this  paper,  in  which  it  is  intended  merely  to  present 
in  general  outlines  a  successfully  used  plan  : 

(a)  General  expense. 

(6)  Fixed  salaries. 

(d)  Power. 

(e)  Miscellaneous  materials 
(/)   Labor. 

{g)  Pig  and  other  charging  metal. 

(h)  Smelting  material. 

ii)   Light. 

(fc)  Recovered  material. 

The  collating  of  the  actual  amounts  of  the  various  items  as  incurred 
is  best  done  weekly  rather  than  monthly  or  at  other  long  inter\'als, 
as  that  will  permit  the  recognition  of  a  defect  in  time  to  trace  it  cor- 
rectly to  its  cause  and  to  apply  a  remedy.  Should  a  longer  interval 
be  determined  on,  that  should  be  four-weekly  rather  than  monthh^, 
in  order  to  avoid  the  disturbing  effect  of  the  varying  number  of  work- 
ing days  in  different  months,  and  also  because  it  fits  in  better  with 
the  weekly  pay  accounts.  Such  charges  as  are  based  on  a  monthly 
rate  can  very  readily  be  converted  into  an  annual  and  from  that  to  a 
weekly  rate. 

Apportionment  of  the  various  elements  of  cost  to  main  divisions 
is  made  in  accordance  with  readily  apparent  principles : 

(a)  General  expense :  Depreciation  and  interest  chaises. 

(6)  Fixed  salaries:  All  salaries  to  persons  having  a  fairly  certain 
tenure  of  office;  salaries  to  minor  clerks  that  are  Hkely  to  var}-  in 
amount  should  be  entered  under  labor. 

{d)  Power:  All  charges  directly  connected  with  the  power  plant. 

(e)  Miscellaneous  materials:  Sand,  flour,  chaplets,  wire,  molders' 
implements,  etc.;  in  fact,  all  materials  not  accounted  for  under  heads 
g  and  h, 

(/)  Labor:  All  payments  made  to  workmen  and  other  persons. 
Includes  all  pay  not  taken  care  of  under  head  6. 

ig)  Charging  metal:  Everjthing  charged  into  the  cupola,  except 
fuel  and  flux;  also  all  "medicine,"  whether  added  in  the  cupola  or 
ladle. 

Note. — For  purposes  of  comparative  analysis  these  materials 
should  be  rated  at  fixed  values,  although  they  will  be  purchased  at 
more  or  less  fluctuating  rates.  In  order  to  take  care  of  the  difference 
between  the  assumed  fixed  and  the  actual  fluctuating  cost,  the  dif- 
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fereiice  should  be  determined  at  suitable  periods,  and  this  difference 
debited  or  credited,  as  the  case  may  be,  as  a  "market  equalizer^' 
affecting  the  profit  and  loss  account.  Should  the  fluctuations  be 
large,  it  will  be  advisable  to  make  use  of  a  "special  charging  account'' 
to'  properly  analyze  the  influence  of  various  brands  of  iron  and  scrap 
on  the  cost  of  the  charge.  Preference  is  to  be  given  to  determina- 
tions at  short  intervals, — say  quarterly, — rather  than  longer  ones, 
as  changes  can  then  be  ordered  made  in  time  to  effect  economies. 

(A)  Smelting  materials:  All  fuel  and  flux  charged  into  the  cupola; 
fuel  recovered  from  the  bed  is  to  be  charged  again  into  the  cupola. 
Fuel  for  other  purposes,  such  as  drying  ladles,  cores,  and  molds,  is  to 
be  charged  under  head  e. 

As  the  market  price  of  these  materials  also  is  apt  to  vary,  and  as 

it  is  desirable  in  the  analysis  to  make  use  of  a  fixed  price,  the  differ- 

^  ence  is  taken  care  of  by  a  "  market  equalizer,"  as  previously  explained. 

(A;)  Recovered  material:  This  account  takes  care  of  all  difference 
between  molten  iron  obtained  from  the  cupola  and  the  salable  cast- 
ings.    It  is  made  up  of: 

1.  Equipment:  Castings  for  foundry  use,  such  as  weights,  flasks, 
chills,  et<j. 

2.  Upkeep:  Castings  made  to  repair  or  replace  wastage  of  foundrj' 
equipment. 

3.  Gates:  Gates,  cast  core  irons  and  frames,  sinking  heads,  and 
sprues. 

4.  Wasters:  All  defective  castings. 

All  of  this  material  wHl  either  be  present  in  the  foundry  or  will  be 
charged  into  the  cupola  as  scrap.  In  the  latter  case  it  is  certainly 
to  be  rated  only  at  the  same  value  as  purchased  scrap.  In  the  first 
case  it  is  conservative  policy  to  rate  the  material  no  higher  than  scrap, 
as  it  is  very  questionable  whether  it  would  bring  a  higher  return  if 
sold. 

As  the  material  for  producing  the  items  under  this  head  has  been 
entered  as  a  charge,  its  value  should  be  credited  to  the  total  costs  in 
order  to  give  a  true  net  total  cost. 

(f)  Light:  All  charges  directly  connected  with  the  shop  lighting. 

It  is  to  be  remembered  that  the  divisions  as  here  cited  are  merely 
suggestive  of  underlying  ideas  and  principles;  in  actual  practice  a 
larger  number  will  be  used,  and  many  will  be  divided  and  subdivided. 
The  labor  charge,  for  instance,  should  be  split  up  into  direct  and  in- 
direct labor,  etc. 


20  Hess — Foundry  Costs:  Their  Analysis  and  Reduction. 

In  general  it  will  be  most  convenient  to  reduce  all  elements  to  a 
basis  of  cost  per  200  pounds,  or  one-tenth  ton,  as  a  compromise  that 
avoids  the  high  figures  for  output  when  figured  in  pounds  and  yet 
allows  ready  reduction  to  the  poundrate  generally  used  in  the  sale  of 
castings. 

In  comparing  costs  at  different  periods*  it  will  not  do  simply  to  divide 
the  total  cost  incurred  during  a  week  by  the  total  pounds  produced 
during  that  week  and  take  the  result  as  a  pound  cost,  to  be  compared 
with  that  of  some  other  period.  Every  manager  kno^^-s  that  the 
cost  per  pound  rises  when  the  product  is  small  and  decreases  with  an 
increasing  output,  and  will  take  this  into  account  when  comparing 
costs.  But  such  allowance  is  made  as  a  matter  of  judgment  only. 
Now,  judgment  is  a  very  good  thing,  but  certainty  is  still  better  if 
it  can  be  made  to  take  the  place  of  judgment;  in  this  particular  in- 
stance that  can  be  done  and  quite  readily.  As  an  example,  say  that 
the  fixed  general  expense  charge  for  a  week  Is  $1600;  with  the  output 
50  tons,  the  charge  per  200  pounds  is  then  $0.80;  but  for  a  doubled 
output  of  100  tons  the  charge  per  200  pounds  would  be  halved  to 
$0.40.  These  values,  plotted  as  a  curve  for  various  rates  of  output 
on  the  horizontal  scale,  give  the  diagram  a  (see  pages  24  to  28). 

Similarly,  that  other  element  of  fixed  cost,  fixed  salaries,  is  plotted 
as  diagram  b. 

Fluctuating  elements  of  cost  are  also  so  plotted,  though  from  the 
nature  of  the  case  the  curves  cannot  be  determined  by  direct  calcu- 
lation, but  must  be  approximately  laid  down  in  accordance  with  ex- 
perience and  judgment.  In  this  way  the  diagrams  for  power  (d), 
for  miscellaneous  materials  (e),  and  for  labor  (/)  are  laid  down  a« 
decreasing  with  an  increase  in  production.  Pig  and  other  charging 
metal  (g)  and  smelting  material  (h)  are  laid  down  as  horizontal  lines, 
as  thcise  items  are  not  apt  to  be  materially  affected  by  the  amount  of 
the  output. 

All  of  these  curves  or  lines  I  term  ideal  curves.  Their  total  will 
give  an  ideal  total  cost  of  production,  as  shown  in  diagram  t,  by  the 
lower  hne,  per  200  pounds  of  melted  iron.  If  all  the  iron  melted 
were  turned  into  salable  ca^stings,  this  lower,  or  100  per  cent.,  curve 
would  represent  also  the  cost  of  salable  eastings.  The  other  curves 
give  the  cost  of  salable  castings  for  the  various  ratios  of  such  castings 
to  the  total  iron  melted.  These  curvTs  are  detennined  as  follows: 
Take  the  total  cost  per  2(K)  pounds  of  melted  iron  as  S3.40,  the  value 
of  recovered  iron  as  $0.20,  the  salable  castings  as  80  per  cent.    Then 
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the  160  pounds  of  salable  castings  would  cost  as  much  to  produce  as 
the  200  pounds  of  iron  melted,  less  the  value  of  the  recovered  iron ;  i.  e. : 

Cost  of  melted  iron, $3.40 

Value  of  recovered  iron, 0.20 

Cost  of  the  80  per  cent,  of  salable  castings  is  the  balance, $3.20 

and  200  pounds  of  salable  castings  would  cost  |^g  —  $4.00. 

This  can  also  be  put  as  a  figure  to  be  added  to  the  cost  of  the  melted 
iron  from  the  equation 

s  ~  C  —  1  {i  —  'r)j^  which 

s  is  increase  to  be  added  to  cost  of  melted  iron  to  give  cost  of 

salable  castings; 
p  is  percentage  of  salable  castings  divided  by  100; 
i  is  value  of  melted  iron; 
r  is  value  of  recovered  iron. 

Considering  in  illustration  values  from  diagram  i:  The  actual 
cost  per  200  pounds  of  melted  iron  is  $3.73,  $3.09  and  $3.00  in 
the  three  periods  shown.  According  to  the  ideal  curve,  the  lower 
one  marked  100  per  cent.,  these  costs  should  have  been  $3.40,  $3.07, 
and  $2.90.  Running  up  the  first  week's  cost,  the  manager  finds  that 
of  the  various  items  the  cost  for  miscellaneous  materials  (e)  was  by 
far  the  higher  as  compared  \vdth  the  ideal  laid  down,  and  instructed 
the  foreman  to  cut  this.  Next  week  the  total  is  still  found  too  high; 
following  this  through  shows  that  miscellaneous  material  cost  has 
been  reduced  actually  below  the  ideal,  but  that  the  labor  element  (/) 
went  up  materially;  investigation  in  the  foundry  showed  that  the 
foreman  economized  on  sand  mixtures  and  facings  to  such  an  extent 
as  to  apparently  increase  the  cleaning  labor;  the  apparent  relation 
between  these  two  elements  of  cost  should  be  followed  up  to  see  whether 
it  is  actual.  The  best  way  is  by  a  further  subdivision  of  these  two 
elements  for  some  time.  As  before  stated,  the  analysis  is  here  carried 
only  far  enough  to  explain  the  idea;  nor  must  the  figures  given  be 
considered  in  any  other  sense. 

The  following  week  the  total  is  still  found  high  as  compared  with 
the  ideal,  but  more  nearly  sat isf actor}-. 

Looking  further,  the  manager  finds  that  the  cost  of  the  salable  castings 
is  $4.41,  $4.90,  and  $3.28  in  the  respective  periods  (entered  as  +  points 
in  the  diagram),  whereas  they  should  have  been  but  $4.00,  $4.44,  and 
$3.08,  to  correspond  with  the  ratios  of  80,60,  and  90  per  cent,  of  salable 
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castings.  The  very  low  ratio  (60  per  cent.)  of  salable  eastings  in 
the  second  week  is  entirely,  too  poor  a  showing  to  pass  without  com- 
ment. Tracing  upward,  it  is  found  that  the  smelting  cost  (h)  was 
very  low,  leading  to  the  inference  that  economy  of  fuel  had  led  to  the 
very  large  amount  of  wasters;  investigation  in  the  foundr}'  bore  this 
out,  as  too  dull  iron,  consequent  on  the  use  of  insufficient  coke,  caused 
a  lot  of  scrapping. 

From  what  has  been  said  it  is  apparent  that  this  plan  of  plotting 
records  and  methods  of  analysis  based  on  comparison  with  ideal  con- 
ditions keeps  the  busy  manager  up  to  date  in  his  knowledge  of  what 
is  actually  going  on,  not  only  as  regards  totals,  but  also  in  detail,  so 
that  he  is  always  in  position  to  find  a  sore  spot  and  apply  a  remedy 
based  on  certain  knowledge,  backing  up  his  judgment.  The  method 
has  the  further  advantage  of  showing  whether  the  remedy  applied 
really  did  result  in  the  cure  desired  or  whether  it  merely  brought 
about  a  transfer  of  the  sore  to  some  other  place. 

Knowled'ge  of  the  fact  of  such  close  analysis  being  made  will  keep 
the  foreman  and  others  responsible  tuned  up  to  concert  pitch.  It 
has,  in  my  experience,  immediately  on  adoption  resulted  in  a  decrease 
in  costs;  showing  the  foremen  actual  figures  will  avoid  much  of  the 
bad  feeling  easily  raised  with  well-meaning  men  when  their  results 
are  criticized.  Being  human,  they  are  more  or  less  inclined  to  ascribe 
criticism  to  prejudice.  Under  this  method  of  absolute  analysis  re- 
sponsibility will  be  placed  where  it  belongs,  and  it  will  be  possible 
to  bestow  praise  judiciously  in  the  proper  quarter — the  old  adage  to 
the  contrary'  notwithstanding;  '*soft  words  do  butter  parsnips"  to 
the  decided  advantage  of  the  firm. 

In  enumerating  the  elements  of  cost,  mention  was  made  of  a  market 
equalizer  to  take  into  account  the  fluctuating  value  of  the  materials 
bought ;  this  is  brought  in  as  follows :  the  actual  unit  value  of  material 
used  at  any  time  is  its  average  cost  price;  this  may,  according  to  cir- 
cumstances, be  either  higher  or  lower  than  that  due  to  the  current 
market  rate  or  than  the  ideal  assumed.  These  actual  costs  of  such 
material  are  plotted  into  the  diagrams  g  and  h  with  the  sign  0- 
The  actual  total  costs  as  modified  by  the  equalizer  are  also  added 
on  the  total  diagram  i  with  the  signs  *  and  X.  Consulting  this,  it 
will  be  seen  that  a  recent  purchase  of  pig  and  coke  at  high  figures  had 
the  effect  of  raising  the  cost  of  the  last  week's  output  considerably — 
from  $3.00  to  $3.20  per  200  pounds  of  molten  metal  and  from  $3.28  to 
$3.50  for  salable  castings.     The  actual  utility  of  separately  considering 
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this  element  is  evident,  as  otherwise  the  more  nearly  satisfactory  cost 
of  production,  so  far  as  under  the  control  of  the  foundry  foreman, 
would  have  been  obscured.  The  actual  cost  due  to  the  market  price 
of  the  materials  being  given  will  allow  sales  being  based  on  that. 

Lighting  has  not  so  far  been  taken  into  account  as  an  element  of 
cost;  this  because  it  is  dependent  upon  the  season  and  the  weather, 
conditions  that  are  not  subject  to  control.  This  variable  character 
would  to  a  certain  extent  impair  the  value  and  reliability  of  the  main 
analysis  for  purposes  of  cost  comparison.  I  therefore  prefer  to  plot 
it  as  an  addendum  diagram  y,  and  to  consider  its  influence  on  costs 
separitely.  In  determining  sales  prices  this  cost  item  must,  of  course, 
be  added. 

The  totaling  diagram,  i,  would  be  too  greatly  obscured  were  curves 
drawn  in  for  more  than  each  10  per  cent,  of  variation  of  salable  cast- 
ings. It  is,  however,  a  very  simple  matter  to  interpolate  points  as 
d^ired:  Say  the  95  per  cent,  line  is  required  at  about  60  tons  out- 
put. Mark  the  intersection  of  any  vertical  in  that  neighborhood, — 
say  50  with  the  100  per  cent,  curve, — then  the  intersection  of  the 
next  heavy  vertical  at  10  tons  farther  along  with  the  80  per  cent, 
curve;  then  of  the  next  heavy  vertical,  at  70  tons  with  the  60  per  cent, 
curve;  now  pencil  a  curve  through  these  intersections.  As  95  is  mid- 
way between  100  and  90,  the  intersection  of  the  curve  just  penciled 
in  with  the  vertical  midway  between  those  cutting  the  100  and  90  per 
cent,  curves  will  be  a  point  on  the  95  per  cent,  curve  sought.  This 
latter  may  then  be  continued  both  ways  approximately  parallel  to 
the  curves  between  which  it  lies. 

In  conclusion,  I  may  be  permitted  to  point  out  that  this  method 
of  cost  analysis  is  not  by  any  means  restricted  to  the  foundry,  but 
is  applicable  advantageously  to  all  lines  of  work  in  which  the  cost 
of  production  varies  necessarily  \Nith  some  other  factor;  in  most  lines 
of  manufacture  that  factor  would  be  the  output.  Although  rather 
lengthy  to  describe,  the  plan  is  not  at  all  formidable  in  actual  use. 
All  the  data  required  are  assumed  as  available,  being  needed  for  any 
arrangement  of  recording  costs  that  may  be  in  use,  so  that  there  re- 
mains only  the  work  of  laying  down  ideal  curves,  and  of  plotting  in 
the  actual  values;  this  latter  operation  is  a  very  simple  one  that  can 
be  quickly  mastered  by  the  average  costing  clerk. 

It  will  give  me  pleasure  to  answer  any  questions  as  to  any  point 
that  I,  may  not  have  expressed  myself  clearly  on,  or  to  go  privately 
more  fully  into  matter  that  time  will  not  serve  to  take  up  here. 
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Note. — These  diagrams  should  in  practice  be  so  bound  together  that  the 
dotted  lines  run  continuously  over  the  entire  series;  that  will  permit  a  ready 
tracing  of  each  perioil's  output  to  the  various  elements.  Plotting  books  as 
used  by  engineers  will  Ih»  found  ver>'  useful  for  entering  the  diagranis. 
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DISCITSSION. 

AV ALTER  F.  Ballinger. — The  value  of  estimating  costs  I  think  cannot  be 
too  much  emphasized.  An  incident  occurs  to  my  mind ;  a  gentleman  was  telling 
me  a  few  days  ago  of  a  certain  firm  that  failed  in  business.  Something  like  two 
years  ago  this  firm  (with  whom  I  am  well  acquainted)  asked  me  if  I  could  get 
them  the  privilege  of  going  through  the  factory  of  one  of  their  competitors.  I 
said,  "Very  likely;  I'll  see";  so  I  went  to  a  member  of  the  competing  firm  and 
asked  if  there  would  be  any  objection  to  taking  one  of  his  competitors  through 
the  building.  He  smiled  and  said  it  depends  entirely  upon  who  it  is.  I  men- 
tioned the  name  and  he  said,  **  Not  for  a  thousand  dollars."  He  gave  as  his 
rea,son  for  objecting  the  fact  that  this  firm  did  not  know  how  to  estimate  the 
cost  or  value  of  the  work  they  did.  Sometimes  they  would  bid  extremely  high 
and  sometimes  below  cost,  and  his  firm  would  fail  to  secure  work  where  he  knew 
he  was  reasonably  low,  because  of  the  firm  that  did  not  know  how  to  estimate. 
The  firm  that  did  not  know  how  to  estimate  has  gone  up. 

H.  D.  Hess. — I  have  been  very  much  interested  in  the  paper  this  evening. 
There  is  one  point  which  I  fear  is  somewhat  foreign  to  the  subject,  but  if  Mr. 
Hess  will  kindly  answer  I  will  be  very  much  oblige<l.  It  often  occurred  to  me 
that  it  might  be  desirable  to  have  the  costs  of  castings  of  different  weights  and 
grades  kept  separate.  It  is  evident  that  within  a  foundry's  capacity  the  heavier 
the  individual  castings,  the  greater  the  output.  On  liglit  work  the  production 
would  be  cut  down.  Is  it  considered,  in  general,  tliat  the  cost  per  pound  of 
castings  for  the  week  or  month  will  give  a  fair  estimate  of  the  cost  of  castings 
of  tliat  average  weight,  or  is  it  usual  to  differentiate  the  costs  in  order  to  obtain 
the  costs  of  heavy  castings  that  are  comparatively  simple;  that  is,  with  little 
core  work,  and  the  costs  of  liglit  castings,  either  simple  or  more  complicated? 
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Mr.  Hess. — It  cannot  be  said  that  there  is  any  generally  recognized  practice 
of  foundry  cost  keeping.  I  think  the  foundry  is  less  well  taken  care  of  in  the 
matter  of  following  costs  than  any  other  manufacturing  department.  I  know 
that  in  some  foimdries  cost  groups  are  determined  by  casting  weights,  in  others 
the  amoimt  of  core  work  is  the  basic  factor,  on  the  general  assumption  that  core 
work  costs  more  for  labor.  The  fact  of  the  matter  is  that  all  of  these  divisions 
are  too  broad.  If  all  castings  up  to  five  poimds  are  classed  together,  then  those 
up  to  fifty  poimds,  and  so  on,  and  the  costs  carefuUy  determined  most  likely 
castings  only  five  pounds  in  weight  would  cost  far  more  in  labor  than  the  others. 
Lumping  is  not  at  all  fair.  It  is  necessary  to  get  detail  cost  of  individual  pieces. 
That  means  an  amoimt  of  work  that  many  foundry  managers  think  totally 
impossible.  As  a  matter  of  fact,  with  a  carefully  devised  system  of  following 
costs  these  may  be  so  collated  as  to  entail  almost  no  extra  expense;  but  such 
expense,  even  a  quite  high  one,  is  justified,  as  it  is  almost  impossible  to  overrate 
an  accurate  knowledge  of  all  of  the  detail  costs  of  one's  business.  It  is  that 
which  puts  one  in  position  to  get  and  to  do  business  at  a  profit.  Usually  if  the 
foundry  as  a  whole  shows  a  profit,  that  is  all  that  is  required;  under  that  man- 
agement a  great  deal  of  work  will  be  taken  at  an  absolute  and  direct  loss;  but 
the  foundry  making  the  best  showing  in  actual  earnings  at  the  end  of  the  year 
will  be  that  that  made  a  profit  on  all  of  its  business. 

The  point  to  be  emphasized  is  that  everything  must  be  considered  for  itself 
and  then  in  its  relation  to  other  things.  If,  imder  the  grouping  system,  the 
five-poimd  group  were  a  relatively  large  portion  of  the  total  and  the  result  not 
satisfactory,  ii^vestigation  should  point  out  the  five-poimd  group  as  in  fault. 
If  then  the  analysis  as  laid  out  does  not  disclose  the  cause  of  the  fault,  that  means 
that  a  more  detailed  analysis  is  necessary  for  the  five-pound  series ;  such  detailed 
analysis  might  be  kept  up  later  or  not,  .as  might  be  deemed  advisable.  The 
fact  is  that  it  b  almost  impossible  to  lay  down  any  specific  rule  of  imiversal 
applicabihty.  No  routine  that  may  be  laid  out  will  p>ermit  dispensing  with  the 
element  of  common  sense.  It  will  always  be  necessary  to  have  a  man  present 
who  knows  what  he  is  after  and  what  he  is  about.  That  man  should  devise 
the  general  methods  of  analysis,  so  that  the  detail  work  may  be  done  by  a  clerk 
or  inexpensive  assistant  who  will  lay  the  results  before  his  chief,  for  comparison 
with  the  ideal;  the  chief  will  follow  up  differences  in  whatever  way  suggests 
itself  as  best;  that  best  may  be  a  further  subdivision  in  analysis,  or  it  may  be 
sufficient  to  po  to  the  shop  and  find  the  trouble  by  a  talk  with  the  foreman; 
detail  methods  will  vary  with  every  man  and  every  foundrj'. 

Messrs.  Taylor  and  Gautt  have  done  much  in  cost  reduction.  They  have 
taken  certain  work  and  resolved  that  into  the  time  taken  for  practically  each 
move  made;  at  first  sight  a  good  deal  of  this  sounds  ridiculous;  but  Mr.  Taylor 
was  able  to  cut  costs  enormously  to  amounts  that  were  considered  totally  imj)os- 
sible.  Personally  I  have  never  applied  Mr.  Taylor's  principles  at  their  extreme, 
but  I  can  see  their  wide  availability.  In  the  drilling  of  a  novice  to  careful  anal- 
ysis no  doubt  the  time  required  is  a  very  serious  element ;  but  tiie  trouble  and 
cost  will  be  repaid  by  tlie  increase  of  output.  All  analysis  must  he  made  in 
accordance  with  the  interest  of  the  work  in  hand  and  not,  as  is  often  the  case, 
simply  for  its  own  sake.  The  thing  to  bo  avoided  is  to  have  a  great  deal  of  work 
carried  along  in  the  head  of  some  one  man,  and  therefore  dependent  Ufwn  his 
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personality.  As  quickly  as  possible  everything  should  be  brought  do\*Ti  to  a 
basis  where  it  will  permit  of  impersonal  study  and  avoid  dependence  upon  any 
particular  individual ;  there  will  always  be  a  field  for  the  resourceful  and  forceful 
man  without  burdening  him  with  duties  that  merely  take  up  time  that  he  could 
devote  to  work  that  cannot  be  devolved  on  others. 

E.  H.  MuMFORD. — I  want  to  add  my  word  of  praise  for  this  paper.  I  re- 
member that  there  was  a  paper  read  before  the  Mechanical  Engineers'  Society 
some  years  since  on  foundry  costs,  in  which  the  molders'  pay-roll  was  made  a 
basis  of  estimate  and  a  ratio  to  fixed  charges  established  with  that  as  a  factor. 
I  think  the  paper  (I  have  forgotten  exactly  how  it  went) — I  think  it  advocated 
taking  a  previous  year's  experience  of  the  ratio  to  fixed  charges  of  the  molders' 
pay-roll  as  a  basis  of  estimate  for  the  current  year's  business.  A  mere  contrast 
with  the  very  broad  conception  of  such  a  scheme  as  this  of  the  very  nicely  de- 
tailed conception  of  Mr.  Hess's,  shows  how  much  closer  he  is  getting  to  the  real 
question.  It  seems  to  me  that  to  handle  the  subject  of  costs  in  the  full  detail 
that  Mr.  Hess  does  shows  us  the  difficulty  of  this  problem  of  estimating  foimdry 
costs.  Instead  of  attempting  to  establish  any  broad  ratio,  Mr.  Hess  studies 
each  detail  by  itself.  Probably  in  the  same  way  the  thoroughly  experienced 
and  competent  foundry  foreman  gets  at  the  subject.  He  has  in  his  head,  from 
hb  long  experience,  each  detail  that  Mr.  Hess,  for  the  benefit  of  all  of  us,  has 
put  on  paper,  so  that  he  can  apply  to  his  particular  work,  without  thinking 
very  much  about  it,  the  various  curv^es  which  he  has  in  his  head  and  get  at  the 
result  which  anybody  not  so  equipped  could  not  get  at ;  and  it  seems  to  me  that 
Mr.  Hess's  paper  will  furnish  a  good  many  of  us  with  tools  to  use  in  estimating 
foundry  costs.  I  remember,  when  I  had  charge  of  a  large  foimdry,  receiving 
a  letter  from  a  New  York  club,  from  the  proprietor  of  the  foundry,  saying  he 
thought  I  had  too  many  non-producers,  reminding  me  that  the  only  man  in  the 
foimdry  who  made  money  for  his  employer  was  the  molder.  He  had  discovered 
that  I  had  two  carpenters,  and  wanted  to  know  what  a  carpenter  had  to  do  with 
an  iron  foundry.  It  is  quite  easy  to  suppose  carpenters  are  important  items  of 
expense  if  a  casting,  say,  of  a  large  bed  plate,  is  to  be  bedded  in  the  floor.  Even 
the  lumber  used  would  come  into  play  and  perhaps  the  Teamsters'  Union.  The 
practical  estimator  would  take  those  things  into  account  at  sight,  but  the  ver>' 
first  week  of  an  experience  of  that  sort  would  show  a  discrepancy  from  Mr.  Hess's 
curves,  which  would  then  be  looked  up  and  traced  to  the  making  of  big  wooden 
cope  flasks.  It  seenus  to  me  that  Mr.  Hess's  paper  is  valuable  in  pointing  out 
the  enormous  rambling  detail  of  foundry  expenses,  and  the  easy  way  he  has 
found  for  systematically  keeping  track  of  them. 

Mr.  Hess. — I  may  say  that  I  was  forced  into  this  idea  of  analyzing  costs  on 
the  basis  of  variation  m  output.  At  the  time  I  had  under  my  charge  a  rather 
large  establishment — the  German  Xiles  Tool  Works  of  Berlin,  Germany — and 
unfortunately  by  the  time  we  were  ready  to  put  our  product  on  the  market  the 
bottom  had  dropped  out  of  business  generally.  In  attendance  on  the  decreasing 
output  our  costs  were  going  up  continually;  everj-^  foreman  and  subforeman 
placed  the  blame  on  the  outputs  going  down  all  the  time.  We  all  know  that 
is  a  good  excuse ;  but  the  costs  were  increa^jing  faster  than  seemed  to  me  justified 
by  the  decrease  in  output.  In  laying  down  my  ^'  ideal  curves,"  I  called  in  the 
so-called  "foundrj'  engineer"  (in  Germany  everj'  man  nmst  have  a  title,  and 


Hess — Foundry  Costs:  Their  Analysis  and  Reduction,  31 

his  was  "foundry  engineer").  At  the  end  of  the  very  next  period  the  costs 
were  found  to  have  decreased  in  despite  of  a  decreased  output,  and  that  with- 
out having  carried  through  the  analysis  in  detail  of  any  one  item.  The  mere 
fact  that  there  was  a  figure  based  in  output  to  which  the  "foundry  engineer'* 
would  be  strictly  held, — and  not  only  he,  but  all  others, — operated  to  have  all 
costs  and  times  checked  much  more  closely  and  to  bring  about  a  reduction  of 
total  costs;  so  that  an  arrangement  of  this  sort  has  a  twofold  value — that  of  so 
fixing  and  locating  responsibility  that  each  man  knows  there  is  no  crawling 
out  of  it,  and  then  after  that  element  of  irresponsibility  is  eliminated,  of  showing 
just  where  advantageous  changes  should  and  can  be  brought  about. 
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V 


NOTES  ON  THE  CONSTRUCTION  OF  AN  ELECTRIC  ROAD 

AND  POWER-HOUSE  AT  MORGANTOWN.  WEST 

VIRGINIA. 

WALTER    LORING    WEBB. 
Read  yovember  7,  190$. 

The  construction  of  electric  railroads  has  now  become  so  common 
that  a  detailed  description  of  every  item  of  construction  would  be 
a  waste  of  time.  But  the  circumstances  under  which  the  road  at 
Moi^gantown  was  constructed  are  in  some  respects  so  unusual  that 
a  description  of  them  seemed  justifiable.  It  is  thought  that  they 
will  form  a  fitting  introduction  to  a  topical  discussion  of  the  general 
subject  of  electric  roads. 

Morgantown  is  situated  in  the  northern  part  of  West  Virginia  but 
a  few  miles  south  of  the  Pennsylvania  line.  It  is  on  the  Monongahela 
River  about  100  miles  above  Pittsburg.  The  elevation  of  the  river 
at  this  point  is  a  little  over  800  feet  above  tide,  or,  let  us  say,  above 
the  outlet  at  the  Gulf  of  Mexico,  1500  miles  away.  A  half-mile  back 
from  the  river  the  hills  rise  almost  as  much  again.  On  a  ridge  a 
few  miles  out  of  Morgantown  there  is  a  stretch  of  road  which  is  so 
unusual  that  it  rejoices  in  the  name  of  *'the  mile  ground."  It  is 
so  nearly  level  that  for  about  a  mile  it  is  actually  possible  for  a  horse- 
man to  speed  his  horse  safely.  This  does  not  mean  that  the  road 
is  actually  level — it  is  only  comparatively  so.  These  statements 
have  been  made  to  illustrate  briefly  the  fact  that  Morgantown  is  in 
a  very  hilly  country — that  the  grades  on  streets  and  country  roads 
are  very  excessive — that  the  usual  Umits  of  grade  and  the  usual 
power  requirements  per  car  per  mile  of  road  must  be  throwTi  away 
and  the  problem  attacked  on  an  independent  basis. 

Laying  out  a  route  for  an  electric  road  is  usually  only  a  question 
of  procuring  the  most  business — assuming  that  there  is  a  blanket 
franchise  and  no  trouble  regarding  right  of  way.  But  in  Morgantown 
the  question  of  grade  had  an  influence  which  made  certain  routes 
absolutely  impracticable  and  which  called  out  much  study  to  deter- 
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mine  the  advisability  of  lesser  grades.  The  topographical  features 
make  it  somewhat  of  a  "shoe-string"  town — long,  narrow,  and 
strung-out — the  very  best  kind  of  a  town  to  furnish  business.  It 
is  the  seat  of  the  State  University,  which  claims  an  enrollment  of 
nearly  a  thousand  students.  The  location  of  some  of  the  University 
buildings  is  sketched  on  the  map.  There  are  several  large  glass 
factories  and  other  mills  located  there.  These  furnished  the  justifica- 
tion for  the  location  of  the  line  along  the  river  road.     Here  the  line 
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Fig.  1. 


was  comparatively  level,  the  highest  grade  being  a  Httle  less  than 
8  per  cent.  The  side  hill  above  this  stretch  was  so  very  steep  that 
the  people  living  very  far  from  the  line  could  not  be  expected  to 
walk  very  far  up  and  down  that  grade  to  take  a  car,  and  so  another 
line  at  a  higher  level  was  decided  to  be  necessary.  The  lower  street 
was  a  very  important  one  and  deserved  to  have  a  line  on  it,  and  it 
was  impracticable  and  undesirable  to  attempt  to  catch  all  the  traffic 
3 
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by  a  single  line  part  way  up  the  hill.  Then,  too,  it  was  desired  to 
run  the  ears  past  the  University  buildings  and  through  Main  Street 
(about  a  hundred  feet  higher  than  the  river).  The  lower  line  passed 
as  near  as  practicable  to  the  Baltimore  and  Ohio  Railroad  station. 
The  extension  of  the  line  to  the  north-east  was  decided  on  parth' 
because  a  more  direct  route  met  with  objections  from  property- 
owners  and  partly  because  it  is  intended  to  extend  the  line  out  one 
of  the  country  roads  that  nms  out  that  way.  Incidentally  con- 
siderable traffic  is  picked  up,  while  the  operation  of  the  road  is  not 
unduly  burdened  by  the  detour. 


Fig.  2. — From  Simmit,  Looking  Soith. 


The  result  of  all  this  is  a  single  track  loop  line  about  three  and  a 
half  miles  in  length  with  two  long  sections  of  double  track  and  other 
passing  switches  which  enable  cars  to  nm  in  both  directions  an<l 
thus  give  to  all  parts  of  the  town  a  high  degree  of  service  considering 
the  number  of  cars  oi)erated.  The  double  tracks  (which,  with  the 
sidings,  increased  the  mileage  to  four  miles)  were  inserted  largely 
with  reference  to  the  sul)urban  extensions,  which  were  surveyed 
but  which  have  not  yet  been  const nicted.  Considerable  opposition 
was  developed  when  it  became  known  that  we  intended  to  double- 
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track  nearly  the  whole  of  Main  Street.  I  defended  it  by  calling  it 
an  extra  long  "siding."  When  threatened  with  trouble  by  the  City 
Council,  I  demonstrated  to  them  that  the  double  track  was  put  there 
to  prevent  congestion  of  traffic — so  that  the  tardiness  of  a  suburban 
car  would  not  disarrange  the  schedule  of  the  city  cars  nor  block 
traffic — that  with  a  double  track  the  cars  would  be  always  moving 
— that  even  if  any  waiting  for  cars  became  necessary,  it  could  be 
done  at  the  ends  of  the  double  track,  which  are  outside  of  the  business 
section.  A  sufficient  number  of  the  opposition  became  convinced 
of  the  advantage  to  the  public  of  the  double  track  and  it  was  formally 
authorized. 

The  switches  were  first  laid  out  on  the  basis  of  a  six-car  schedule, 
three  cars  running  each  way  constantly.  The  road  was  started  with 
two  or  three  cars  before  the  loop  was  complete,  but  as  soon  as  com- 
pleted, the  superintendent  made  up  a  four-car  schedule  and  operated 
it  on  that  plan.  This  necessitated  a  long  quick  section  followed 
immediately  by  a  short  lazy  section.  It  would  have  been  still  worse 
except  for  the  double  track.  But  we  found  that  by  putting  in  one 
extra  siding  we  could  (thanks  to  our  double  track)  operate  a  perfect 
four-car  or  six-car  schedule.  During  our  arguments  with  the  City 
Council  about  the  double  track  one  of  our  directors  brought  up  an 
argument  which  is  very  interesting  and  somewhat  novel.  The  width 
between  curbs  on  Main  Street  is  such  that  a  truck,  being  loaded  or 
unloaded  with  its  back  to  the  curb,  would  obstruct  a  car  running 
along  the  middle  of  the  street,  but  would  not  obstruct  a  car  on  the 
farther  track  of  a  double  track.  Therefore  if  the  track  were  in  the 
middle  of  the  street,  such  a  tnick  would  obstruct  cars  running  in 
either  direction,  while  with  a  double  track  it  would  obstnict  only 
the  cars  running  on  the  near  track.  Therefore,  whatever  the  schedule, 
a  double  track  would  allow  teams  twice  as  much  time  to  unload  as 
the  same  cars  on  a  single  track. 

Track, — A  large  part  of  the  line  has  been  paved  with  a  brick  pave- 
ment. The  method  universally  used  there  is  to  lay  the  brick  on  a 
thin  layer  of  sand  which  is  spread  directly  on  the  subsoil.  For- 
tunately the  soil  is  so  firm  that  this  makes  a  fair  pavement  as  long 
as  it  is  not  disturbed,  but  after  a  few  trenches  have  been  dug  for 
water,  sewer,  and  gas  pipes,  the  surface  of  the  pavement  is  about 
what  might  be  expected  from  such  a  method.  Considering  the 
nature  of  the  pavement,  a  concrete  foundation  for  the  track  was  a 
useless  refinement,  but  I  determined  to  put  down  a  good  foundation. 
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After  digging  to  the  proper  depth,  the  subsoil  was  rolled  if  necessary-. 
The  specifications  called  for  rolling,  but  throughout  a  lai^e  part  cif 
the  line  the  soil  appeared  so  firm  at  a  depth  of  seventeen  inches  that 
I  allowed  the  rolling  to  be  omitted.  Four  inches  of  broken  stone 
were  then  laid.  The  ties  and  rails  were  then  laid  and  surfaced  and 
tamped  with  ballast  until  the  total  thickness  of  ballast  under  the 
ties  was  about  six  inches.  In  the  paved  portion  the  ballast  was 
filled  up  to  about  an  inch  above  the  top  of  the  ties.  Then  a  cushion 
coat  of  sand  was  laid,  on  which  to  set  the  paving  brick.  As  we  had 
some  difficulty  in  obtaining  a  sufficient  supply  of  broken  stone   for 


Fig.  .3.— From  Summit,  Looking  West. 

ballast,  we  used  gravel  for  the  tamping  ballast.  This  gravel  is 
dredged  from  the  river  at  Pittsburg;  it  is  of  course  thoroughly  washed, 
and  makes  a  very  good  ballast  for  tamping.  It  cost  us  about  70 
cents  in  the  track,  while  the  broken  stone  cost  us  about  $1.25.  This 
method  of  track  foundation  proved  very  satisfactory.  Subsoil 
drainage  proved  advisable  in  a  few  low  places.  The  rails  used  were 
seven-inch  ''Shanghai"  rails.  That  height  of  rails  was  necessar\- 
on  account  of  the  brick  pavement,  and  the  use  of  such  rails  preventeil 
trackage  by  teams  on  the  rails. 
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Poles. — We  used  juniper  poles  on  the  line  work.  Juniper  seems  to 
be  nearly  if  not  quite  as  good  as  cedar,  and  very  much  cheaper  than 
cedar  can  be  bought  now.  We  paid  $4.31  for  35-foot  poles,  7  inches 
at  top;  and  $6.13  for  40-foot  poles,  7  inches  at  top.  These  prices 
were  f.  o.  b.  Morgantown.  They  may  seem  high,  but  Morgantown 
suffers  from  high  freight  rates  for  materials  purchased  elsewhere  and 
high  prices  for  materials  procurable  in  that  region.  Considering  the 
ver\'  high  quality  of  the  poles,  these  prices  ^vere  low  compared  with 
the  prices  demanded  for  other  kinds. 

Rifling  Stock. — ^The  rolling  stock  called  for  in  the  initial  order 


Fig.  4. — Working  Down  the  Side  Hill. 

included  six  10-bench  open  cars,  with  Brill's  21-E  trucks  and  six 
18-foot  box  cars  with  the  same  trucks.  These  were  equipped  with 
General  Electric  No.  67  motors  and  B-23  controllers.  This  order,  as 
first  made  up  and  approved  by  the  company,  called  for  seven  box 
cars  and  six  open  cars,  the  seventh  car  being  included  so  that  when 
ninning  a  six-car  schedule  there  would  be  one  extra  car  to  allow 
for  the  disability  of  one  car.  This  order  was  actually  sent  in,  but  it 
was  aften^^ard  modified  when  it  had  occurred  to  one  of  the  directors 
that  thirteen  cars  was  an  inauspicious  number  for  the  first  order. 
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The  only  special  feature  of  the  rolling  stock  is  the  magnetic  brake, 
and  as  this  is  perhaps  not  well  known  to  all  of  you,  a  brief  description 
is  justifiable.  On  each  side  of  the  car,  midway  between  the  rails,  i- 
swung  a  powerful  electro-magnet.  These  magnets  normally  han^ 
about  one-quarter  inch  above  the  rails  and  are  beveled  at  the  end- 
so  that  there  is  no  danger  of  their  catching  on  the  track.  They  an* 
operated  from  the  controller,  which  is  somewhat  modified  for  the 
purpose.  When  it  is  desired  to  use  them,  the  controller  is  tiinieii 
to  zero,  thus  throwing  off  the  line  current.     Then  turning  the  con- 


Fir..  5. — A  Crooked  Line. 


troller  past  zero,  the  motors  begin  to  act  as  dynamos  and  magnetize 
the  magnets.  The  faster  the  cars  are  moving,  the  more  powerful 
will  be  the  action.  It  should  be  noted  that  these  brakes  act  directly 
on  the  rails,  in  spite  of  their  being  slippery  or  even  icy;  that  with 
them  there  is  no  necessity  or  excuse  for  flat  wheels;  that  they  will 
work  even  if  the  trolley  jumps  off  and  there  is  no  line  current;  thev 
require  no  great  exertion  from  the  motorman;  they  consume  power 
which  otherwise  goes  to  waste  or  which  is  spent  in  grinding  up  wheel 
tires  and  brake  shoes;  they  do  not  take  power  from  the  line,  as  is 
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clone  with  the  pneumatic  brake.  The  power  of  all  wheel  brakes  is 
absolutely  limited  by  the  possible  retarding  action  of  the  friction 
of  the  wheels  on  a  rail  which  is  perhaps  very  slippery.  While  there 
is,  of  course,  a  limit  to  the  powder  that  can  be  developed  by  these 
magnetic  brakes,  it  is  very  much  greater  than  the  wheel  brake.  Finally, 
the  brakes  for  the  closed  cars  are  so  connected  that  the  current  runs 
through  the  electric  heaters,  and  so  the  heating  of  the  cars  in  winter 
comes  from  the  waste  energ>'  and  not  as  an  additional  drain  on  the 
line  current.  These  brakes  cost  $200  each  for  the  open  cars  and 
$290  for  the  closed  cars  where  they  had  the  heating  attachment. 

Trolley  Wire. — t  /O  trolley  wire  was  used  throughout.  The  location 
of  the  power-house  is  quite  central,  and  will  be  still  more  so  when 
the  proposed  extensions  are  built.  The  arrangement  made  it  possible 
to  make  the  feed-wires  very  short  and  the  use  of  4/0  wire  made 
the  maximum  drop  in  volt^e  very  small.  This  was  still  further 
helped  by  using  a  double  trolley  wire  on  the  short  stretch  of  single 
track  connecting  the  double  tracks  on  Main  and  Front  Streets.  In- 
cidentally this  eliminated  the  line  switches  and  enabled  the  cars 
nmning  in  each  direction  to  use  their  own  wires  from  one  end  of 
the  double  track  district  to  the  other. 

POWKR-HOUSE. 

Location. — The  location  was  decided  on  partly  from  mere  business 
and  real  estate  considerations,  but  chiefly  on  account  of  its  central 
location  with  respect  to  the  territory  to  be  served,  which  so  influenced 
the  feed-wire  problem.  Another  consideraticm  was  the  stream  and 
the  mill  dam.  When  I  first  arrived  in  town,  the  amount  of  water 
in  the  stream  was  very  great,  owing  to  recent  rains,  and  the  possibility 
of  utilizing  the  water-power,  as  the  mill  had  previously  done,  was 
somewhat  alluring.  But  it  was  soon  demonstrated  that  although 
the  power  was  ample  at  times,  it  was  so  variable  and  unreliable  that 
no  dependence  could  be  placed  on  it.  But  then  I  concluded  that 
I  could  at  least  utilize  the  dam  as  a  storage  reservoir  for  our  water- 
supply.  Even  this  purpose  was  foiled.  Although  the  dam  was  a 
very  old  one  and  had  successfully  withstood  many  a  flood,  a  com- 
paratively moderate  flood  started  a  scour  around  one  end  of  the  dam. 
The  scouring  quickly  developed  until  a  large  channel  was  made 
around  the  end  and  the  foundations  of  the  power-house  were  en- 
dangered. It  was  quickly  decided  to  sacrifice  the  dam.  It  had  been 
built  of  cribwork,  tied  with  iron  rods,  and  filled  with  stone.     Some 
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dynamite  was  inserted  and  it  was  hoped  that  one  or  two  chaiige:^ 
would  open  up  a  channel  which  would  divert  the  water  from  the  end> 
But  some  of  those  oak  timbers  were  as  solid  as  when  they  were  placed. 
and  it  required  many  charges,  as  well  as  the  removal  by  hand  of  the 
stone  filling,  to  thoroughly  clear  the  channel.  The  stone  taken  out 
was  used  to  make  a  rock-fill  wing  wall  at  the  side  where  the  scour 
occurred,  which  will,  I  think,  effectually  prevent  the  repetition  of 
any  such  scouring  action.  Another  feature,  which  made  us  decide 
that  the  dam  was  useless  and  should  be  removed,  was  the  fact  that 
some  coke  ovens  had  just  been  started  up-stream,  and  we  knew  that 
in  a  short  time  the  stream  would  be  so  fouled  with  sulphuric  acid 
that  it  would  be  unfit  for  boiler  use.  The  condition  of  the  dam  wa«? 
such,  after  the  flood,  that  a  considerable  expenditure  would  have 
been  required  to  put  it  in  order,  and  therefore  the  safest  plan  was  to 
remove  it  and  obviate  the  danger  of  further  damage  by  flood.  The 
illustration*  shows  the  remarkable  bank  of  solid  unseamed  rock  that 
forms  the  opposite  bank  of  the  stream.  A  short  distance  above  the 
power-house  bed-rock  cropped  out  at  the  surface.  It  was  therefore 
assumed  that  a  rock  foundation  could  be  obtained  with  but  little 
excavation,  and  that  it  might  even  be  necessary  to  excavate  into  the 
rock  at  places  in  order  to  put  the  building  at  the  desired  elevation. 
But  apparently  the  stream  had  in  times  past  scoured  put  a  much 
deeper  channel  which  had  again  filled  up,  and  so  after  digging  down 
until  it  seemed  hopeless  to  get  rock  within  a  reasonable  depth,  the 
foundations  were  made  of  concrete  on  a  firm  gravelly  soil.  At  the 
time  I  left  there  had  been  no  evidence  of  settlement. 

Building. — The  fundamental  stmctural  idea  of  the  building  was  a 
brick  wall,  stiffened  wdth  brick  buttresses  and  supporting  a  fireproof 
roof  having  steel  tnisses.  The  brick  buttresses  not  only  relieved 
the  architectural  plainness  of  many  such  structures,  but  it  permitteil 
a  reduction  in  the  thickness  of  the  walls  between  the  buttresses  which 
resulted  in  a  much  stronger  building  considering  the  volume  of  brick- 
work. Of  course  the  tnisses  and  the  travelling  crane  are  supported 
on  the  walls  at  the  buttress  points.  The  contractor  complained  that 
the  projection  of  these  buttresses  complicated  the  structure  of  the 
scaffolding  and  thus  added  to  the  cost  of  the  work,  but  I  do  not  think 
that  any  such  added  cost  was  more  than  the  gain. 

Generators, — It  is  a  commentary  on  the  power  demanded  by  the 


*  Shown  as  a  lantern  slide 
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grades  of  that  line  that  a  200-K.  W.  600-volt  railway  generator  was 
found  to  be  necessary  to  run  six  cars.  And  since  it  is  confidently 
expected  that  the  line  there  installed  is  but  the  nucleus  of  a  much 
larger  system,  two  such  generators,  each  direct-connected  to  a  325- 
H.  P.  vertical  compound  Westinghouse  engine,  were  bought.  The 
power-house  was  designed  for  the  ultimate  placing  of  four  such  engines. 
The  first  work  of  the  company,  after  organization,  was  to  buy  up 
the  existing  electric  light  plant,  a  corporation  whose  chief  value  lay 


Fig.  6. — Power-house. 


in  its  franchise.  Its  equipment  and  wiring  were  antiquated  and 
were  already  very  greatly  overtaxed.  But  the  business  already  on 
hand  and  the  business  that  could  be  counted  on  as  soon  as  facilities 
were  offered  seemed  to  justify  the  immediate  installation  of  two 
180-K.  W.  alternators,  tw^o-phase,  2200  volts,  nmning  at  7200  alterna- 
tions. These  were  each  belt-connected  to  275-H.  P.  vertical  com- 
pound Westinghouse  engines,  by  21-inch  belts  with  a  span  of  24  feet. 
Space  for  another  such  installation  was  also  made  in  the  design  of 
the  power-house.  By  the  time  an  additional  installation  is  re- 
quired it  may  be  that  steam  turbines  will  have  so  demonstrated  their 
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economy  that  even  greater  power  can  be  developed  in  the  space  now 
vacant. 

Boilers. — The  boilers  selected  and  immediately  installed  were  three 
Stirling  boilers,  each  of  310  nominal  H.  P.  These  have  been  designe<l 
for  a  working  pressure  of  180  pounds,  although  the  plant  is  now 
operated  at  about  135  pounds.  Although  Morgantown  is  situatetl 
in  the  heart  of  the  region  where  the  best  of  the  Pittsbui^  and  Freeport 
bituminous  coals  are  at  their  best  and  cheapest,  natural  gas  is  even 
cheaper.  And  so,  although  these  furnaces  have  been  equipped  with 
grates  so  that  a  coal  fire  can  be  started  up  on  a  few  moments'  notice 
if  the  supply  of  gas  should  suddenly  fail,  they  are  also  equipped  with 
Kirkwood  burners  for  burning  the  natural  gas.  This  gas  conies  to 
the  building  under  a  pressure  of  120  to  150  pounds  per  square  inch 
and  passes  through  a  reducing  valve  which  reduces  the  pressure  t<» 
a  few  ounces.  An  automatic  governor  keeps  this  pressure  constant 
at  the  firebox.  A  very  slight  adjustment  of  this  governor  by  the 
fireman  is  sufficient  to  produce  any  desired  change  in  the  steam  pres- 
sure. This  sensitiveness  was  ver\'  forcibly  illustrated  to  me  by  a 
fireman  who  changed  the  governor  very  slightly,  and  almost  instantly 
the  pressure,  as  shown  by  the  gauge,  was  seen  t^)  increase.  Re- 
storing the  governor  to  its  former  position,  the  pressure  again  became 
normal.  The  fireroom  is  designed  for  three  more  such  boilers — 
enough  to  handle  engines  of  more  than  2000  H.  P.  The  feed  water 
for  the  boilers  is  heated  by  a  feed-water  heater  of  1200  H.  P.  The 
(juestion  of  using  condensers  was  studied,  and  it  was  decided  that 
they  were  not  justifiable.  The  natural  gas  used  by  such  lai^e  con- 
sumers is  sold  for  five  cents  per  thousand.  In  this  case,  however, 
the  company  holds  leases  on  thousands  of  acres  of  gas  lands,  and 
therefore  paying  the  gas  bill  is  simply  a  matter  of  book-keeping. 
But  even  allowing  the  actual  expense  in  cash  of  the  cost  as  charged 
to  similar  consumers,  the  cost  of  heat  there  is  so  small  that  such  saving 
as  might  result  woidd  not  pay  the  interest  and  depreciation  on  the 
plant  required.  The  engine-room  and  also  the  car-bam  will  be  heated 
from  the  exhaust  steam,  and  it  was  considered  that  this  use,  together 
with  the  feed-water  heater  and  the  compounding  in  the  engines, 
represented  as  much  saving  as  is  worth  while  out  of  135-pound  steam. 

Draft. — ^The  power-house  was  designed  for  an  immediate  instal- 
lation of  1200  H.  P.  with  space  for  a  subsequent  installation  of  about 
1000  H.  P.  additional.  Plans  and  estimates  were  ma<le  for  a  brick 
stack  for  inmiediate  necessities  and  also  for  one  for  future  require- 
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ments.  Of  course,  these  had  to  be  designed  on  the  basis  of  burning 
coal,  since  natural  gas  cannot  be  depended  on  indefinitely.  A  small 
stack  would  cost  considerable  and  might  have  to  be  duplicated  in  a 
very  few  years.  The  larger  stack  would  cost  much  less  per  horse- 
power, but  its  full  capacity  might  not  be  needed  for  many  years, 
and  in  any  case  it  meant  an  immediate  and  large  expenditure.  Also 
either  plan  called  for  a  stack  much  larger  than  the  immediate  re- 
quirements for  burning  natural  gas  necessitated.  The  plan  adopted 
enabled  us  to  *^eat  our  cake  and  keep  it  too."     A  steel  stack  was 
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erected  which  is  7  feet  in  diameter  and  whose  top  is  50  feet  above 
the  boiler-room  floor.  This  is  large  enough  to  furnish  an  adequate 
natural  draft  for  the  three  boilers  burning  natural  gas.  The  system 
is  provide<l  with  a  10-foot  fan  and  engine  built  by  the  Sturtevant 
Company,  which  will  provide  induced  draft  whenever  necessary. 
The  plans  were  also  made  on  the  basis  of  the  installation  of  another 
fan  connecting  with  the  same  stack  when  the  three  other  lK)ilers  are 
placed.  The  cost  of  this  installation  was  far  less  than  that  of  an 
adequate  stack;  the  fan  and  engine  nerd  not  be  used  at  present,  but 
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it  is  there,  all  ready  for  use  on  very  short  notice;  and  the  makers 
declare  that  the  single  fan  and  stack  now  placed  could  develop  suffi- 
cient draft  for  2000  H.  P.  if  forced.  Even  the  additional  steam  which 
will  be  required  for  the  fan,  when  it  becomes  necessary  to  use  it  reg- 
ularly, will  be  cheaply  purchased  considering  the  very  low  price  of 
fuel.  This  is  another  illustration  of  how  the  price  of  fuel  there  (which 
is  so  abnormally  low)  has  a  marked  influence  on  the  economics  of 
plant  installation  and  justifies  an  additional  use  of  steam  to  save 
immediate  outlay,  just  as  in  the  case  of  the  condensers  it  was  cheaper 
to  waste  some  of  the  energy  of  the  steam  rather  than  increase  the  out- 
lay in  order  to  save  it. 


DISCUSSION. 

The  President. — Mr.  Webb^s  very  interesting  paper  is  before  you  for  dis- 
cussion, gentlemen. 

James  Christie. — As  I  understand  Mr.  Webb,  the  steep  grade  he  refers 
to  terminates  at  a  eur\'e,  which  is  a  bad  combination.  Wliat  are  the  inclination 
of  the  descent  and  the  radius  of  the  curve  at  its  foot?  Grades  of  this  character 
are  uncommon  in  this  vicinity,  although  we  have  a  few,  approximating  10 
per  cent.,  in  the  Roxborough  roads.  These,  however,  are  quite  short  and  are 
not  associated  with  curves.  On  Leverington  Avenue  there  is  quite  a  long 
ascent,  of  six  to  eight  per  cent.,  terminating  at  a  curve,  and  several  accidents 
have  occurred  here  by  reason  of  the  car  acquiring  a  dangerous  velocity  in  the 
long  descent  and  leaving  the  track  as  it  entered  the  curve.  The  magnetic 
rail  brake  which  Mr.  Webb  has  referred  to  affords  increased  means  of  safety. 

Mr.  Webb. — I  will  say  in  regard  to  that  grade  that  the  conditions  there 
were  such  that  it  could  not  be  prevented.  The  grade  of  twelve  per  cent,  occurs 
only  where  we  are  passing  through  an  existing  street.  I  tried  to  avoid  it  by 
running  a  line  which  should  make  a  loop,  but  I  found  that  although  I  could 
make  a  loop  which  would  have  a  less  average  grade  I  could  not  avoid  a  steep 
maximum  grade.  It  would  have  required  a  steep  grade  in  some  one  place,  in 
addition  to  introducing  a  great  deal  of  curvature.  The  length  of  that  steep 
grade  is  about  BS^e  hundred  feet.  At  the  bottom  it  necessarily  turns  the  comer 
into  the  Main  Street,  and  that  again  is  unavoidable.  The  cur\^e  at  the  bottom 
was  a  standard  90  degree  curve,  with  a  spiral  at  each  end,  and  the  case  that  I 
was  speaking  of,  where  the  car  ran  away,  was  at  tliis  place.  Whether  the 
motorman  acted  right  or  not  I  cannot  say.  The  statement  was  made  that 
tlie  wheels  were  turning  backward  when  he  reached  the  bottom  of  the  grade. 
Tliis,  of  course,  must  mean  that  he  had  reversed  the  current,  and  since  he  was 
runnhig  with  a  reversed  current  of  course  it  means  he  was  not  using  the  rail 
brake.  I  think  it  would  have  been  more  effective  if  he  had  used  the  rail  brake , 
but  I  do  not  pretend  to  know.  As  a  matter  of  fact,  tlie  car  was  going  down 
at  a  very  higli  rate  of  speed  and  ran  around  that  sharp  curve  without  being 
<lerailed.     It  was  claimed  that  one  reason  was  the  fact  that  the  wheels  were 
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turning  backwanl.  If  they  hacl  been  turning  fon^'ard  or  had  been  stationary, 
the  car  wheels  would  probably  have  climbed  up  over  the  flange ;  but  the  wheels 
turning  around  backward  for  some  reason  kept  them  on  the  track.  Of  course, 
that  curve  is  double  guarded.  There  is  another  thing  that  makes  trouble  with 
those  very  sharp  cun-es:  All  those  cars  are  four-wheel  cars  with  seven  feet 
wheel-base,  and  that  means  that  on  those  curves  of  thirty-five  feet  radius  the 
angle  made  by  the  wheel  flange  and  the  rail  is  very  great,  very  much  greater 
than  it  is  with  double  truck  car  wheels  on  which  the  wheel-base  is  very  much 
shorter. 

Wm.  Easby,  Jr. — I  would  like  to  ask  if  any  emergency  tests  of  those  brakes 
were  made? 

Mr.  Webb. — We  have  made  none  there.  I  don't  know  what  has  been  done 
elsewhere.  There  is  one  peculiarity  about  the  action  of  those  brakes  to  which 
a  motorman  called  my  attention.  We  were  running  down  a  rather  steep  grade 
on  the  road,  and  at  the  top  of  that  grade,  going  at  a  fair  speed,  he  turned  off 
the  current  and  threw  the  controller  past  the  zero  point ;  that  is  up  one  or  two 
notches  on  this  brake  contrivance.  We  were  going  so  slowly  then  (half  speed) 
that  the  brake  had  no  appreciable  effect,  and  we  kept  on  going  downhill  and 
increased  our  speed.  He  said  "  Just  notice;  I  won't  touch  this."  At  the  bottom 
of  that  grade  was  a  street  comer  where  he  was  required  to  slow  up,  and  yet 
without  touching  that  controller,  when  he  got  down  near  the  bottom  of  that 
grade  we  began  to  get  such  a  high  speed  that  suddenly  the  brake  began  to  work 
automatically ;  the  car  was  brought  down  to  a  very  slow  speed  when  we  reached 
that  street.  It  did  not  work  until  we  were  moving  at  that  high  speed  and 
then  it  reduced  to  the  proper  speed  for  crossing  that  street.  In  regard  to  the 
remark  that  the  brakes  act  so  suddenly,  that  is  entirely  due  to  the  motorman. 
I  have  learned,  while  riding  on  those  cars,  that  it  is  possible,  if  a  motorman 
knows  how  to  work  those  brakes,  to  make  them  act  in  an  ideal  way.  They 
need  not  act  suddenly,  but  just  in  the  way  I  have  described.  The  motorman 
can  make  them  work  almost  automatically.  There  is  one  objection,  and  one 
which  I  should  suppose  it  would  be  an  easy  matter  to  remedy,  and  that  is  that 
when  the  car  is  going  up  a  steep  grade,  and  it  is  desired  to  stop,  say  at  a  street 
crossing,  tiien  the  motorman  mast  use  the  hand  brake  to  hold  the  car,  because 
in  goiag  up  the  grade  the  car  is  going  so  slowly  that  even  if  the  current  i- tiinind 
oflf  and  run  past  the  zero  point  so  as  to  apply  the  brake,  not  sufficient  iii;i^m^r-ie 
force  will  be  develojied  to  hold  the  car,  and  it  will  at  once  run  backwiif^l  down 
the  grade.  That  does  not  endanger  the  safety  of  the  car,  as  by  the  usi*  rif  tlu' 
handbrake  it  is  easy  to  hold  it. 

RoLLiN  A.  Whittick. — I  would  like  to  ask  Mr.  Webb  whether  he  run  ^ivi* 
a  fuller  description  of  the  details  of  the  power-house — the  roof  structur(>,  fUifrr* 
ing,  in  and  outside  repair  shop,  and  as  to  the  repair  bins,  etc. 

Mr.  Webb. — The  structure  of  the  power-hoase  was  made  fire-procif  as  nwivU 
as  possible.  The  roof  was  covered  with  Ludovici  tile  laid  on  light  sIjh^I  m\%\i* 
irons  which  rested  on  jack  purlins.  Again,  on  the  roof,  there  werr  fi\c  lines 
of  trasses,  about  fifteen  feet  apart.  The  walls,  as  you  saw  by  the  illiHf  nil  iiini*, 
were  brick.  The  floor  was  concrete.  The  engine-room  and  boiler-nx^fti  wert* 
separated  by  a  fire-wall  in  which  there  was  only  one  very  small  dm>r,  ■^o  thrtt 
in  the  event  of  a  fire  in  the  boiler-room  (which  of  itself  was  ratlier  iini^rulmlilr 
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because  there  was  very  little  there  to  catch  fire)  it  could  hardly  communicate 
to  the  engine-room.  Of  course,  all  possible  precautions  were  taken  to  avoid 
the  chance  of  fire,  owing  to  electrical  leakage. 

Mr.  Whittick. — I  presume  the  same  con.struction  was  used  in  the  car  bam? 

Mr.  Webb. — Substantially,  yes;  except  that  the  roof  of  the  car  bam  was 
not  made  fireproof.  In  the  case  of  the  car  bam — at  least  in  the  shed  part. 
where  the  cars  would  be — there  was  nothing  below  the  roof  to  cat<!h  except 
the  cars. 

Mr.  Whittick. — The  roof  was  planked? 

Mr.  Webb. — Plank  covered  ^nth  slate. 

Mr.  Whittick. — Is  Mr.  Webb  at  hberty  to  give  us  the  probable  cost  of  con- 
.struction  per  mile,  exclusive  of  rolling  stock, — the  cost  of  rails,  construction,  and 
overhead  work? 

Mr.  Webb. — Possibly  I  might  be  at  liberty  to  do  so,  but  I  have  not  the 
figures  here,  except  in  a  very  approximate  way — what  I  can  remember  of  it. 
The  contract  price  for  the  track  work — for  track  laying,  excavating,  restoring 
the  road-bed  to  its  original  condition — was,  I  think,  eighty-five  cents  a  linear 
foot,  reduced  down  to  seventy-two  cents  a  linear  foot  out  on  the  suburban 
part,  where  there  was  no  paving  to  be  taken  care  of.  The  materials  were  all 
fumi.shed — that  is,  the  rails,  ties,  ballast,  sand  to  go  under  the  paving  brick. 
and  special  paving  brick  where  desired.  I  said  we  used  a  Shanghai  rail,  I 
also  designed  a  special  brick  which  was  made  in  Morgantown  (brick-making 
is  one  of  the  industries  there),  which,  nominally  at  least,  had  the  same  effect 
as  though  we  had  a  grooved  rail ;  that  is,  the  brick  was  so  formed  that,  extending 
underneath  the  head  of  the  rail,  it  came  up  alongside  the  head  so  as  to  form 
a  groove,  such  as  would  be  made  by  a  grooved  rail.  I  say,  nominally  it  would 
do  so.  I  am  sorry  to  say  that,  like  all  such  things,  since  the  brick  was  laid 
on  sand  it  did  not  require  a  very  heavj^  truck  going  over  it  to  move  it  just  enough 
so  that,  instead  of  having  a  little  narrow  groove,  it  soon  developed  to  be  a  pretty 
big  one. 

Mr.  Whittick. — There  is  just  one  more  question  regarding  the  electric 
brake.  Is  it  possiljle  to  bring  the  car  to  a  full  stop  on  a  down  grade  with  that 
brake?  We  use  a  brake  something  of  that  kind,  but  it  is  impossible  to  come 
to  a  full  stop.  The  car  commences  to  glide  as  soon  as  the  magnets  become 
demagnetized.     The  car  will  not  drift? 

Mr.  Webb. — No. 

Edw.vrd  S.  Hutchinsox. — Can  Mr.  Webb  tell  us  the  cost  per  mile  Issued 
from  the  rolling  stock  and  power-house,  for  about  four  miles  rough  estimate? 

Mr.  Webb. — I  am  afraid  I  can  hardly  give  it  even  roughly. 

Mr.  Hutchinson. — Including  everj'thing. 

Mr.  Webb. — I  have  not  got  the  figures  rea(l3^  I  will  mention  one  reason 
why  the  whole  financial  outlay  to  the  Company  seems  very  large.  For  one 
thing,  you  will  notice  that  the  power-house  was  designed  for  a  large  ultimate 
installation — about  two  thousand  horse  y^ower.  In  tlie  next  place  we  installed 
immediately,  including  the  lighting  engines,  about  twelve  hundred  horse  power. 
A  large  part  of  the  expenditure  was  for  electric  liglit  wiring,  as  well  as  the  trolley 
work,  and  I  believe  that  the  Company  spent  altogether  somewhere  between 
two  and  three  hundred  thousand  tlollars.     Of  course,  it  would  be  ridiculous 
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to  say  that  three  or  four  miles  of  road  would  cost  two  or  three  hundred  thousand 
dollars. 

Mr.  Hutchinson. — Was  the  electric  light  for  the  benefit  of  the  city  or  just 
for  their  own  use? 

Mr.  Webb. — For  the  city.  I  made  the  statement  in  the  first  part  of  the 
paper  that  the  Company  bought  the  electric  light  franchise  for  lighting  the 
city. 

Mr.  Whittick. — I  understand  the  cars  were  run  in  both  directions  Was 
any  system  of  signals  used  automatically? 

Mr.  Webb. — No;  I  tried  to  get  adopted  a  system,  substantially  that  used 
on  the  West  (  hester  line  and  some  other  lines  around  the  city,  but  it  wa**  not 
thought  to  be  necessarj'. 
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PROPORTIONS  OF  REGENERATIVE  GAS  FURNACES.  WITH 
SPECIAL  REFERENCE  TO  OPEN-HEARTH  FURNACES.* 

H.    D.    HESS. 
Bead  December  5,  190S. 

In  1860  the  first  actual  fusion  of  cast-steel  was  effected  in  a  re- 
verberatoiy  furnace,  but  it  was  not  until  a  few  years  later  that  the 
introduction  of  the  regenerative  furnace  made  possible  the  production 
of  open-hearth  steel.  The  importance  of  this  material  is  shown  in  the 
fact  that  its  production  in  the  United  States  has  grown  from  89.*^ 
gross  tons  in  1867  to  4,656,309  gross  tons  in  1901,  this  being  more 
than  half  the  Bessemer  steel  made  in  this  country  during  that  year. 
In  the  same  year  Great  Britain  produced  3,297,791  gross  tons  of 
open-hearth  steel. 

Regenerative  furnaces  possess  the  following  distinctive  advan- 
tages: 

I.  Production  of  high  temperatures. 
II.  Use  of  lean  gases. 

III.  Economic  use  of  fuel. 

IV.  Admirable  control  of  furnace. 

Firing  a  preheated  fuel  promotes  complete  combustion  and  high 
temperatures;  this  is  so  to  a  still  greater  extent  when  both  air  and 
gas  are  preheated,  as  in  the  use  of  producer  gas  in  regenerative  fur- 
naces. Although  exceedingly  lean,  ordinary  producer  gas  makes  a 
satisfactory  fuel  for  regenerative  furnaces  when  both  air  and  gas  are 
preheated.  The  regenerators  absorb  and  use  heat  that  would  other- 
wise pass  to  the  stack  and  be  lost.  In  burning  fuel  as  a  gas,  the 
least  excess  of  air  is  required  for  complete  combustion,  leading  to 
great  economy.  Through  the  system  of  air  and  gas  valves,  the  fur- 
naceman  ha^  absolute  control  of  the  working  of  his  furnace. 


*  The  treatment  of  regenerative  fumaees  presented  in  this  paper  is  based 
largely  upon  Toldt's  "  Regenerativ-GasOfen,"  edition  of  1898.  Among  other 
books  which  liave  been  freely  consulted  are :  Ledebur's  **  Handbuch  der  Eisen- 
hiittenkunde,"  edition  of  1899-1900;  Campbell's  "Manufacture  and  Properties 
of  Iron  and  Steel/'  edition  of  190.3;  Davis's  **  Manufacture  of  Bricks,  Tiles,  and 
Terra  Cotta,"  edition  of  1889. 
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Figure  1  is  a  plan  of  flues  and  regenerators.  Figure  2  shows  a 
section  of  a  furnace,  illustrating  regenerators,  hearth,  etc.  ^  Figure  3 
is  a  gas  or  air  reversing  valve. 

The  most  common  fuel  for  regenerative  furnaces  is  producer  gas. 


Fig.  1.— Plan  op  Flues  and  Hboenbrators. 


This  is  generated  by  the  incomplete  combustion  of  coal,  the  air  re- 
quired for  combustion  being  driven  through  the  bed  of  fuel  by  a  steam- 
blowor. 
4 
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Below  are  3  analyses  of  producer  gases  by  volume: 
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No.  I. 

CO, 27.1 

O, - 

CH4, 4.1 

H, 7.6 

CO,,  3.8 

N 57.4 


No.  2. 

27.0 
0.5 
3.2 

12.5 
3.0 

53.8 


No.  3. 

22.0 
0.4 
3.2 

10.5 
5.7 

58.2 


Fio.  3.— Air  or  Qas  Rrvbrsino  Valve. 


•  Producer  gas  has  a  calorific  power  of  about  150  B.T.U.'s  per  cubic 
foot,  about  one-sixth  that  of  natural  gas.  The  coal  generally  used  for 
producer  gas  approximates  the  following  composition : 

Volatile   matter, 36.5  % 

Fixed  carbon, 56.0  % 

Moisture,   15  % 

Ash, 6.0  % 

Sulphur,   1.1  % 

One  ton  (2240  pounds)  will  generate  from  150,000  to  160,000  cubic 
feet  of  gas  at  ordinary  pressure  and  temperature.  Ledebur  states  that 
in  order  to  have  a  uniform  action  over  the  entire  area  of  the  producer, 
the  inside  diameter  rarely  exceeds  5  feet.  In  American  practice  inside 
diameters  of  8  feet  6  inches  with  10-foot  shells  are  quite  common. 
He  states  that  when  a  chimney  draft  is  used  for  the  producers  14 
to  19  pounds  of  coal  can  be  burned  per  hour,  and  that  with  a  steam 
blower  three  times  this  can  be  coasumed.     In  American  practice  with 
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hand-poked  fires  and  steam  blowers  a  consumption  of  15  pound- 
coal  per  hour  can  be  estimated  on,  while  with  mechanical  ix)ked  p^ 
ducers  30  to  35  pounds  can  be  gassified  per  hour. 

The  cross-section  of  outlet  from  the  generator,  tubes,  or  sewt  - 
leading  gas  to  the  regulating  valve  should,  according  to  Toldt.  i^eni. 
a  velocity  in  the  gas  of  1  m.  per  second  with  the  gas  at  300^  C.     I 
American  practice  the  gas  will  be  nearer  650°  C,  but  it  can   ha 
a  correspondingly  higher  velocity.     These  requirements  correspond  ' 
a  free  area  of  jV  square  foot  for  each  100  pounds  of  coal  burned  in  tL 
producer  or  producers  per  hour.    The  producers  are  set  in  batten- 
with  either  lined  overhead  tubes  or  underground  sewers  leading  the  gr 
to  the  regulating  valves.     In  either  case  ample  provision  is  nia<Je  i 
cleaning;  in  the  case  of  sewers  this  largely  influences  the  prop<)rtio:> 
as  they  should  be  made  for  access  so  that  they  can  be  cleaned  \vh 
burning  out  is  not  satisfactor^^ 

The  gas  of  analysis  given  required  about  55  cubic  feet  of  air  {- 
1  pound  of  coal  for  its  generation;  without  steam  or  moisture  in  th 
air  73^  cubic  feet  would  have  been  required.  Theoretically  the  cc 
would  require  144  cubic  feet  of  air  for  complete  combustion.  O^ 
burned  under  a  boiler  uses  a,t  least  25  to  50  per  cent,  excess  of  a:: 
so  it  is  seen  that  the  same  amount  of  air  from  a  compounded  steai' 
blower  of  the  usual  type  should  burn  about  three  times  the  weig}' 
of  coal  in  a  producer  that  it  would  under  a  boiler. 

Although  tests  of  gas  producers  usually  show  a  pressure  under  ti> 
grates  of  less  than  1  inch,  the  blower  should  be  able  to  furnish  th- 
required  air  with  a  back  pressure  of  at  least  2  inches  of  water.  Tf  < 
basis  of  calculation  for  furnaces  is  the  fuel  consumption  |x*r  hoKT 
For  convenience  in  open-hearth  and  reheating  furnaces,  the  coal  a: 
the  producers  will  be  taken  rather  than  gas  delivered  to  the  fumae^-- 
An  estimate  of  the  probable  coal  consumption  for  any  furnace  can  on!;. 
be  satisfactorily  based  upon  knowledge  of  the  fuel  consiunption  of  a 
similar  furnace  working  under  corresponding  conditions.  The  pnv 
ducer  being  the  usual  type  with  steam-jet  blower,  100  pounds  c 
ordinar\'  bituminous  gas-coal  will  produce  7000  cubic  feet  of  pnxliinr 
gas  at  0°  C.  and  760  mm.  atmospheric  pressure. 

Stitck. — The  quantity  of  gases  drawn  through  a  stack  varies  direct!} 
with  the  s(»ction.  The  maximum  discharge  occurs  with  a  mean  stack 
temperature  of  522°  F.  The  effective  head  increases  more  rapidly  a: 
first  than  it  does  later  on  with  increased  height,  so  that  stacks  shoul'i 
rarely  exceed  100  feet  to  130  feet  in  height.     The  important  point  t 
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decide  is  the  inside  area  of  the  stack.  The  burning  of  100  pounds  of 
coal  in  the  producer  will  give  36,500  cubic  feet  of  stack  gases  at  760  mm. 
I)rossure  and  522°  F.,  the  gas  burning  with  20  per  cent,  excess  of  air. 
Both  Toldt  and  Ledebur  recommend  an  average  velocity  of  the 
stack  gases  of  about  16J  feet  per  second.  This  would  require  /^  of 
1  scjuare  foot  for  each  100  pounds  of  coal  burned  per  hour.  If  the 
gases  are  hotter,  the  volume  will  be  greater;  but  the  permissible  veloc- 
ity will  also  be  greater.  A  stack  section  of  j\  square  foot  for  each 
100  pounds  of  coal  burned  at  the  producers  per  hour  would  correspond 
to  a  velocity  of  11  feet  per  second  in  the  stack  gases. 

COMPARISON  OF  srAC'KS  OF  8EVKRAT.  FURNACK8. 


'  EsTIMATKnCOAL 

Insidk 

DiAMKTRR. 

SQI ARK 

Size  of  FrRNACK. 

Conscmption: 
Pounds  pkr 

Stack 
Arka. 

Fkkt  PKB 
lOOPorNDB 

Hour. 
800 

Fr. 
3 

Ills 
6 

9.6 

1  pkrHoor. 

10  ton  O.  H.  furnace     ... 

'     1.20 

30    ' 

<         it            it 

1900 

4 

6 

15.9 

0.84 

50    • 

2900 

6 

0 

28.3 

0.98 

50    ' 

*         "            ** 

2900 

6 

2 

29.8 

1.05 

35    * 

2400 

4 

8 

17.1 

1     0.71 

The  average  of  ten  furnaces  of  w^hich  the  above  are  samples  was 
about  0.95  square  foot  for  each  100  pounds  of  coal  used  per  hour.  It 
mast  be  mentioned,  however,  that  the  35-ton  furnace  was  one  noted 
in  the  **Iron  Age^'  for  November  5,  1903,  and  had  the  remarkable 
product  of  642  tons  per  week. 

Figure  4  shows  the  temperatures  of  the  gas,  air,  and  products  of 
combustion  passing  through  a  furnace  as  given  by  Toldt  and  I^  Chate- 
lier.  The  temperatures  assumed  are  indicated  by  the  lines  III  and 
VI,  and  are  believed  to  come  more  nearly  to  general  practice;  for  in- 
stance, Toldt  gives  the  average  temperature  of  gas  leaving  the  pro- 
ducers at  3(K)°  C,  Le  Chatelier  720°  C,  and  Campbell  655°  C.  It  seems 
probable  that  this  temperature  is  much  nearer  750°  C.  than  300°  C. ; 
650°  C.  has  therefore  been  assumed  as  this  temperature.  The  fall  in 
temperature  of  the  gas  in  passing  from  the  producers  to  the  gas  valves 
will  largely  depend  on  the  nature  of  the  conduits,  whether  sewers  or 
overhead  tubes;  if  tubes,  whether  lined  or  not;  and  in  any  case  upon 
the  distance  transferred. 

It  is  further  assumed  that  the  gas  and  air  shall  leave  the  regener- 
ators at  about  the  same  temperature,  1200°  C.     While  this  is  contrary- 


54 


Hess — Proportions  of  Regenerative  Gas  Furnaces. 


to  the  recommendations  of  Toldt  and  others,  who  state  that  the  ar 
should  enter  the  furnace  hotter  than  the  gas  so  as  to  assist  niixiii 
and  combustion,  it  is  difficult,  considering  the  high  velocities  at  whif 
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Fig.  4. — Temperatures  of  Air  and  Gas  passing  throigh  an  0.  H.  Furnace. 


both  air  and  gas  enter  the  furnace,  to  see  how  any  slight  difference 
in  density  can  assist  in  mixing  them;  further,  considering  the  more 
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usual  regenerator  ratios,  it  is  doubtful  if  they  can  impart  a  higher 
temperature  to  the  air  than  to  the  gas. 

Air  and  Gas  Valves  and  Flues  between  Stack  and  Furnace. — All 
masonry  flues  should  be  made  of  ample  proportions,  as  they  assist  the 
regenerators,  and  a  low  velocity  of  the  gases  facilitates  their  alternately 
receiving  and  giving  up  heat.  In  addition  to  this,  the  frictional  re- 
sistance of  masonry  flues  greatly  exceeds  that  of  metal  tubes  and 
valves.  Flues  are  liable  to  fill  with  soot,  which  reduces  their  effective 
area.  On  the  other  hand,  it  is  desirable  to  maintain  a  higher  velocity 
through  metal  valves,  permitting  them  to  be  smaller,  and  in  the 
case  of  water-sealed  valves  the  gas  will  take  up  less  moisture  than  if 
a  greater  area  was  exposed  to  contact  with  the  water.  In  order  that 
the  gas  and  air  may  both  take  up  as  much  heat  as  possible  in  these 
flues,  Toldt  recommends  a  velocity  not  exceeding  5  feet  per  second. 
These  flues  are  usually  enlarged  at  the  furnace  to  the  size  of  the 
flues  under  the  regenerators.  The  producer  gas  from  100  pounds  of  coal 
burning  with  20  per  cent,  excess  of  air  will  require  about  10,200  cubic 
feet  of  air  at  760  mm.  pressure  and  0*^  C.  If  the  100  pounds  of  coal 
are  burned  in  an  hour,  the  air  passing  through  the  air  flue  per  second 
at  86°  F.  would  be  3.14  cubic  feet.  Toldt  recommends  a  velocity 
through  the  air  and  gas  reversing  valves  of  from  3  to  5  m.  per  second 
(9.8  to  16.4  feet).  As  the  air  is  usually  dependent  entirely  on  the  pull 
from  the  stack  and  regenerator  flues  to  the  furnace,  the  velocity  through 
it  should  not  exceed  10  feet.  This  would  require  an  air  valve  opening 
of  0.31  square  foot  for  each  100  pounds  of  coal  burned  per  hour  at 
the  producers,  which  is  one-third  the  stack  area  where  the  stack  is 
allowed  yV  square  foot  for  each  100  pounds  of  coal  burned  at  the 
producers,  while  the  flue  section  is  two-thirds  the  stack  section. 

COMPARISON  OF  AIR  AND  GAS  VALVIvS  OF  SKVERAL  FURNACES. 


Coal 

Air  Valvk. 

Air  Flub. 

Gas  Valve. 

Gas  Flue. 

Size  op  Fornack. 

Tons 

PKR 

Hour. 

1 

2 

1 

1 

'      1      i 

2 

1 
1        1      2 

10  ton  furnace  . . . . 
30   " 
35   " 
50   " 
50   " 

800 

idoo 

2400 
2900 
2700 

3.1 
7.1 

6.0  ; 

12.6 

8.4  ' 

.39 
.37 
.25 
.43 
.31 

4.7 
14.1 

22.3 
16.8 

.59 
.75 

.76 
.62 

3.1  , 
4.9  ' 
4.9  , 
9.6 
7.1 

.39 
.26 
.20 
.33 
.26 

4.7      .59 
12.8  •    .67 

19.7      .68 
15.4      .57 

Average 

.37 

.68 

.29 

.65 

Column  marked  1  gives  square  feet  of  section. 

Column  marked  2  gives  square  feet  of  section  per  100  pounds  of  coal  per  hour. 
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It  will  be  noticed  that  these  averages  for  air  valves  and  flues  agm 
very  closely  with  the  sizes  recommended  by  Toldt.  The  gas  enters 
the  gas  valve  under  pressure  from  the  producers;  in  addition,  it  ha.- 
practically  the  same  pull  through  the  furnace  that  the  air  has;  th^ 
velocity  of  the  gas  can  therefore  be  much  higher  through  the  valv^ 
than  the  air.  Toldt  gives  a  velocity  of  3  to  5  meters  (9.8  to  16.4 
feet)  per  second.  This,  however,  is  based  on  gas  at  200°  C.  and  oi 
not  using  a  steam  blower  at  the  producers.  Considering  gas  at  550*^  C 
delivered  to  the  gas  valve  under  pressure,  a  velocity  of  7  meterv 
(22.96  feet)  per  second  would  not  seem  excessive.  Under  these  latter 
conditions  the  7000  cubic  feet  of  gas  resulting  from  100  pounds  of  c<^ 
per  hour  would  require  a  gas  valve  section  of  0.26  square  foot.  A- 
there  will  be  very  little  transfer  of  heat  to  the  gases  in  the  flue  bet^-eeL 
the  gas  valve  and  the  regenerators,  a  velocity  of  3^  meters  (11.5  feet 
will  not  be  too  high. 

This  makes  the  combined  area  of  1  air  and  1  gas  flue  1.2  tiinef 
the  area  of  the  stack  opening,  and  1  air  and  1  gas  valve  three-fif tit- 
the  stack  area.  Since  the  velocity  of  the  stack  gases  is  11  feet  per 
second,  the  velocity  of  the  burned  gases  passing  through  1  gas  and  I 
air  valve  will  be  about  22  feet  per  second,  which  will  not  be  too  great. 
The  flue  leading  from  the  air  and  gas  valves  to  the  stack  is  really  a 
continuation  of  the  stack,  and  should  about  equal  it  in  area.  It  l> 
quite  commonly  made  from  one-half  to  three-fourths  of  this  area. 

Regenerators. 

There  is  probably  no  portion  of  a  furnace  at  which  there  is  greater 
diversity  of  sizes  than  at  the  regenerators. 

The  general  requirements  of  regenerators  are  as  follows : 

1.  Ample  cross-section,  so  that  the  air  and  gases  may  have  a  low 
velocity,  giving  them  sufl^cient  time  for  heat  transference.  A  high 
velocity  will  also  carr>'  more  dirt  and  dust  into  the  regenerators ;  tlu? 
chokes  the  passages  and  prevents  transfer  of  heat.  Toldt  suggests  a 
velocity  of  1  m.  (3.28  feet)  for  air  and  gases  in  lower  regenerator 
flue,  2  m.  (6.56  feet)  through  checkers,  and  ^  m.  (1.64  feet)  in  upper 
regenerator  flue. 

Toldt  says  that  the  ratio  of  air  to  gas  regenerator  should  be  such 
that  the  final  temperature  of  the  gas  will  be  somewhat  lower  than 
the  air,  producing  a  denser  gas,  a  longer  flame,  and  a  better  distribu- 
tion of  heat  in  the  furnace.  This  depends  somewhat  on  the  size  of 
the  furnace,  the  smaller  furnaces  working  better  on  hot  gas.  American 
designs  do  not  seem  intended  to  meet  this  requirement. 
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3.  Regenerators  should  have  excessive  rather  than  small  capacity. 
With  too  small  a  regenerator  the  gases  pass  to  the  stack  red-hot, 
resulting  in  a  high  fuel  consiunption.  The  objections  to  large  re- 
generators are : 

.  (a)  Excessive  first  cost. 
(6)  Troublesome  renewal  of  checker  brick. 

4.  The  design  should  permit  the  air  and  gases  to  use  the  entire 
contents  of  the  chambers;  i.  e.,  no  short  path  through  regenerators. 

The  mean  specific  heats  of  gases  determined  by  Mallard  and  Le 
Chatelier  for  1  cubic  m.  of  the  gas  between  0°  C.  and  t°  C.  is : 

CO,  O,  H  and  N  -  0.306  -f-  0.000027  t. 
CO,  -  0.374  +  0.00027  t. 

CH4  -  0.418  -h  0.00024  t. 

The  ratio  of  heat  required  to  raise  1  voliune  of  gas  from  650°  C. 
to  1200°  C.  to  that  required  to  raise  1.45  volumes  of  air  (the  quantity 
required  by  1  volume  of  producer  gas  burning  with  20  per  cent,  excess 
of  air)  from  270°  C.  to  1200°  C.  is: 

1        X^.388  X  550  _   5^ 
1.45  X  .346  X  930        11 

This  should  compare  with  the  regenerator  volumes. 

In  practice  this  regenerator  ratio  varies  from  two-thirds  to  three- 
fourths,  but  the  tendency  is  to  reduce  the  gas  and  enlarge  the  air 
chamber.  In  working  hot  gas  this  ratio  should  be  between  pne-half 
and  two- thirds. 

The  following  regenerator  capacities  are  recommended  by  several 
authorities. 

Grimer  states  that  the  weight  of  one  gas  and  one  air  chamber  should 
be  50  kgs.  of  tile  for  each  1  kg.  of  coal  burned  between  any  two  re- 
versals, and  states  that  it  is  customary  to  use  60  kgs.  per  1  kg.  per 
hour.  He  further  states  that  he  found  regenerators  to  vsivy  from 
0.04-0.07  m.  per  1  kg.  per  hour.  [59  to  103  cubic  feet  per  100  pounds 
of  coal  per  hour.] 

Siemens  estimated  that  the  checkers  in  one  air  and  one  gas  chamber 
should  weigh  sixteen  or  seventeen  times  as  much  as  the  fuel  burned 
between  reversals.  It  will  be  noticed  that  this  represents  about  one- 
fourth  the  amount  recommended  by  (irimcr. 

Lcdebur  considers  that  in  practice  1  air  and  1  gas  Regenerator  has 
a  contents  of  4.0  to  8.0  cubic  m.  for  each  100  kgs.  of  coal  burned  per 
hour.     [65  to  130  cubic  feet  per  100  pounds  of  coal  per  hour.] 
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Campbell  states  that  the  contents  of  one  air  and  one  gas  regenerator 
should  be  at  least  50  cubic  feet  per  ton  of  metal  in  the  furnace,  while 
double  this  amount  is  better. 

All  the  above  are  probably  based  on  one-half  the  chambers  being 
voids. 

REGENERATOR  CAPACITIES. 


SlZK  OF   Fl'RNACK. 


Pounds  of  ' 

Coal  Burned 

PER  Hour.  ' 


Check  KR 

Contents  1 

Ratio  Air 

Air  ANDl 

Gas 

Gas  Cham- 

Chamber. 

ber. 

Contents  1  Air  and 
1  Gas  Chamber. 


Per  100       p     .  T 

clTit;  ^-^^ 

Coal  per   ' 
Hour. 


Capacity 


10  ton  O.  H.  furnace 

30 

30 

50 

50 

45 

40 


800 

1800 

1800 

2700 

2700 

2430 

(acid)  2320 


774 
936 
1423 
2760 
1980 
2520 
2600 


1 

1.4 

1.1 


1.66 


97 

52 

79 

102 

73 

103 

112 


77 
31 
47 
55 
40 
58 
65 


Campbell  states  that  in  the  50-ton  Steelton  furnace  the  contents  of 
one  air  and  one  gas  chamber  are  1*00  cubic  foot  per  ton  of  furnace 
capacity.  These  volumes  do  not  include  the  space  occupied  by  the 
flues  beneath  and  above  the  checkers. 

Omitting  the  furnace  with  the  smallest  regenerator,  the  average 
contents  of  one  gas  and  one  air  chamber  are  found  to  be  94  cubic  feet 
for  each  100  pounds  of  coal  burned  per  hour,  or  approximately  1 
cubic  foot  per  1  pound  of  coal  per  hour.  The  voids  are  between  50  and 
60  per  cent.  The  average  contents  per  1  ton  of  furnace  capacity  is 
about  57  cubic  feet. 

The  several  dimensions  of  the  chambers  will  to  an  extent  depend 
on  the  location  and  design  of  the  furnace.  According  to  Toldt,  the 
horizontal  section  should  be  selected  so  that  the  mean  velocity  of  the 
air  and  gas  should  not  exceed  6  feet  per  second,  10  feet  per  second 
in  the  flues  under  the  regenerator,  and  1^  feet  per  second  in  the  upper 
portion  of  the  regenerator.  The  10,200  cubic  feet  of  air  required  for 
each  100  pounds  of  coal  burned  at  the  producers  would  at  the  mean 
regenerator  temperature  of  725°  C.  require  a  total  horizontal  regener- 
ator section  of  7.0  square  feet ;  the  vertical  section  of  the  air  flue  under 
the  regenerator  would  be  0.57  scjuare  foot.  The  7000  cubic  feet  of 
gas  from  100  pounds  of  coal  at  the  mean  regenerator  temperature  of 
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925°  C.  would  demand  a  total  horizontal  regenerator  section  of  2.87 
square  feet  and  a  vertical  lower  flue  section  of  0.66  square  foot. 

Allowing  a  velocity  of  10  feet  in  the  upper  regenerator  flues  would 
necessitate  a  vertical  section  in  the  air  flue  of  1.53  square  feet,  apd 
in  the  gas  flue  of  1.05  square  feet  for  each  100  pounds  of  coal  used 
per  hour.  The  1^  feet  recommended  by  Toldt  would  necessitate  flues 
entirely  too  large. 


AIR  AND  GAS  REGENERATOR  FLUES. 
Sections  per  100  Pounds  of  Coal  per  Hour. 


Size  of  Furxack. 


30  ton  furnace 
50    " 
50    " 
45    " 

Average  . 

Calculated 


Air  REOl^fERATOR. 


^      Furl  i 

uskd  per  i 

Hour       „    ,      ^  J 

I   Pounds.     Horlzpntal 

I    Section,    i 


Vertical  Section. 


1800 
2700 
2700 
2430 


4.65 

8.20 

7.30 

7.4 

6.9 

7.0 


Lower 
Flue. 


0.8 
0.8 
0.7 
1.16 

0.88 
0.57 


Upper 
Flue. 


1.4 

1.2 

0.7 

1.23 

1.13 

1.53 


Gas  Reoenrrator. 


Horiasontal 
Section. 


3.3 
5.0 

4.8 
4.5 
4  4 
2.9 


Vertical  Section. 


Lower 
I    Flue. 


0.53 
0.55 
0.48 
0  68 
0.56 
0.66 


Upper 
Flue. 


1.0 

0.7 

0.48 

0.82 

0.74 

1.05 


The  gas  chamber's  horizontal  section,  upper  and  lower  flues  are 
usually  controlled  by  the  ratio  decided  upon  between  the  air  and  gas 
regenerator,  the  heights  of  the  air  and  gas  chambers  being  usually 
made  the  same. 

Air  and  Gas  Ports  or  Burners. — There  are  almost  as  many  designs  of 
ports  as  there  are  designers  of  furnaces.  The  end  to  be  obtained  by 
the  ports  is  the  proper  mixing  of  the  air  and  gas  leading  to  complete 
combustion.  Present  practice  in  open-hearth  furnaces  is  to  have  the 
air  enter  the  furnace  above  the  gas  and  have  the  ports  inclined  so 
that  the  air  and  gas  shall  mix  above  the  liquid  metal.  The  gas  being 
below^  prevents  excessive  oxidation.  It  does  not  seem  possible  that 
at  the  velocity  of  the  entering  air  and  gas  their  difference  in  density 
can  be  advanced  as  a  reason  for  existing  practice.  Toldt  recommends 
a  high  velocity  of  the  air  and  gas  in  the  ports — about  8  meters  (26^ 
feet)  per  second. 

The  total  area  of  air  ports  at  one  end  for  each  100  pounds  of  coal 
burned  per  hour,  10,200  cubic  feet  at  1200°  C,  will  require  a  part 
section  of  0.59  square  foot,  w^hile  7000  cubic  feet  of  producer  gas  at 
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1200°  C.  will  require  0.40  square  foot.  Campbell  recommends  that  the 
inclination  of  the  ports  provide  for  a  complete  mixing  of  the  gas  and 
air  at  a  point  about  5  feet  above  the  surface  of  the  bath.  This  would 
demand  an  exceedingly  high  roof;  in  usual  practice  the  mixing  is 
much  nearer  the  bath.  The  distance  from  fore-plate  level  to  roof  at 
center  varies  from  4  feet  6  inches  on  small  furnaces  to  6  feet  on  larger 
ones. 

Hearth. — The  design  of  the  furnace .  hearth  will  depend  upon  the 
purpose  for  which  the  furnace  is  intended.  The  proportions  of  an 
open-hearth  steel  furnace  hearth  alone  will  be  here  considered.  The 
following  are  a  few  of  the  important  considerations  that  affect  the 
hearth  proportions: 

I.  The  hearth  should  be  sufficiently  long  that  the  gas  may  be  com- 
pletely burned  before  entering  the  regenerators,  otherwise  a  large  per- 
centage of  the  heat  is  lost  passing  to  the  stack. 

II.  The  width  should  not  exceed  that  at  which  one  side  can  be 
repaired  by  placing  refract or\'  materials  through  doors  on  the  opposite 
side. 

Ledebur  states  that  in  practice  basic  furnaces  over  15  tons  capacity 
average  7f  square  feet  of  hearth  section  per  ton  of  product,  while 
acid  furnaces  average  6J  square  feet  per  ton  of  product ;  in  both  cases 
these  dimensions  increase  rapidly  in  smaller  furnaces. 

The  larger  surface  is  made  necessary  in  the  basic  furnace  by  the 
large  amount  of  slag  that  is  formed.  If  this  surface  is  measured  above 
the  sill  line,  in  American  basic  open-hearth  furnaces  -the  section  will, 
approximate  that  stated  by  Ledebur;  the  actual  bath  surface,  how- 
ever, will  be  between  5  and  6  square  feet  per  ton  of  metal  charged, 
the  usual  depth  being  15  to  18  inches. 

Ledebur  limits  the  inside  width  of  a  furnace  to  11^  feet,  the  limiting 
lengths  being  12^  and  40  feet.  American  practice  is  about  13^  feet 
inside  width  and  not  exceeding  30  feet  in  inside  length.  I^edebur 
states  that  in  the  acid  process  the  capacity  of  the  hearth  should  be 
from  one-eighth  to  one-third  more  than  that  required  for  the  metal 
alone  according  to  the  amount  of  ore  to  be  added ;  while  in  the  basic 
furnace  the  hearth  capacity  should  be  two-thirds  more  than  that  re- 
(juired  for  the  metal  alone. 

Furnace  Liniru/s. — The  following  recjuirenients  should  be  filled  by 
entirely  satisfactory-  furnace  linings. 

I.  They  must  resist  a  high  temperature,  in  an  open-hearth  furnace, 
2900°  F.  (1600°  C). 
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II.  Should  not  decrepitate  when  heated. 

III.  Should  resist  sudden  changes  of  temperature  and  not  disintegrate 

when  cooled. 

IV.  Must  resist  mechanical  and  chemical  action  of  substances  in 

contact  with  them. 
V.  Must  have  no  injurious  effect  on  the  product. 
VI.  Should  be  easily  repaired. 

No  commercial  refractory  material  meets  all  these  requirements,  so 
that  a  selection  has  to  be  made  according  to  the  particular  circum- 
stances to  be  met.  The  commercial  materials  are  never  found  entirely 
pure,  and  unfortunately  the  impurities  even  in  small  quantities  f;eri- 
ously  affect  their  fire-resisting  qualities.  A  fire-clay  which  in  the  pure 
state  would  be  almost  infusible,  will  be  fusible  if  it  contains  iron 
oxides,  alkalies,  lime,  magnesia,  or  large  amounts  of  silica.  Lime  and 
magnesia,  two  separately  infusible  materials,  become  fusible  by  con- 
siderable additions  of  silica  or  oxide  of  iron.  Much  depends  upon  the 
treatment  of  the  materials  during  process  of  manufacture  into  bricks 
or  blocks,  the  form  in  which  most  refractor\^  materials  for  furnaces 
are  used.  An  analysis  therefore  will  only  indicate  the  possibility  of 
the  material ;  a  test  under  the  working  conditions  to  which  the  bricks 
will  be  subjected  being  the  only  satisfactory  proof  of  what  the  material 
will  do. 

Ledebur  divides  refractory  furnace-materials  into  three  classes:  (I) 
Those  with  silica  as  a  foundation ;  (II)  those  with  alumina  as  a  foun- 
dation; (III)  basic  materials. 

I.  The  silica  group  is  infusible  in  the  usual  furnace;  the  bricks 
retain  their  size  and  form  at  the  highest  temperatures;  they  form  a 
most  valuable  refractory  for  the  roof  and  hottest  portion  of  the  re- 
generators. They  however  cannot  be  used  at  high  temperatures  in 
contact  with  alkaline  earths,  iron,  or  manganese  oxides,  or  slags  rich 
in  these  substances.  Exposed  to  rapidly  var\'ing  temperatures  they 
go  to  pieces.  This  group  includes  sandstone,  mica  schists,  granite, 
gannister.  Among  the  commercial  forms  are  silica  and  Dinas  bricks. 
These  contain  96  to  97  per  cent,  silica  and  1  to  2  per  oont,  of  lime 
as  a  binder,  or  from  5  to  10  per  cent,  of  fire-clay  Is  usr  tl  instead  of 
the  lime. 

II.  Pure  alumina  is  practically  infusible  at  the  iLsual  furjmrt*  tniti- 
peratures,  but  in  this  form  does  not  occur  in  sufficient  qisamiti*?®  for 
a  refractory  funiace  material.  The  usual  fire-clay  is  cfim|>f»*ii!(l  of 
alumina,  silica,  and  impurities.     Fire-clay  is  affected   liv     hy  hanic 
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materials  than  silica,  and  silicious  clays  attack  it  less  than  they  do 
basic  materials.  Fire-clay  is  affected  less  by  sudden  changes  of  tem- 
perature than  silica.  It  is  evident  that  clay  satisfies  more  of  the 
required  conditions  of  a  refractory  material  than  silica. 

Pure  clay  is  a  hydrated  silicate  of  alumina  of  the  following  pro- 
portion : 

Pkbceutage. 

AI2O3 39.8 

SiO^ / 46.3 

H,0 13.9 

100.0 

The  water  is  driven  off  by  burning.  At  the  highest  temperatures  it 
shows  only  slight  indication  of  cindering.  All  natural  clays  have  im- 
purities mixed  with  them,  sand,  oxide  of  iron  (FcjOs),  alkalies,  all 
of  which  affect  its  refractory  power.  Fire-clay  for  bricks  must  be 
tempered  with'  pulverized  quartz,  old  bricks,  burnt  clay,  or  other 
material  producing  a  similar  effect. 

Below  are  a  few  analyses  of  fire-clays.  No.  1  fire-clay  is  from  Wood- 
bridge,  N.  J.  No.  2  fire-clay  is  from  Woodland,  Clearfield  Co.,  Pa. 
No.  3  fire-clay  is  from  Johnstown,  Pa. 

No.  1.         No.  2.         No.  3. 

SUica,SiO, 39.80        42.15        44.95 

Alumina,  Al^Oa   36.34        31.43        38.84 

•Water  combined,  H,0 12.90  9.40         12.50 

Titanic  acid,  TiO, with  AlA  1.60  1.55 

Sand,  SiO, 8.10        10.25  0.30 

Potash,  soda,  lime,  oxide  of  iron, 

Fe,0, 1.20  3.90  1.26 

Moisture,  H,0 1.20  1.20  0.70 

In  general,  the  clay  will  be  more  refractory  the  greater  the  ratio  of 
alumina  to  siUca  in  it. 

III.  Basic  refractory  linings.  This  group  includes  iron  oxide,  cinder 
and  slag  rich  in  iron, — these,  however,  are  not  suited  to  high  tem- 
peratures,— and  chrome  iron  ore,  which  will  withstand  exceedingly 
high  temperatures.  The  more  important  basic  materials,  however,  are 
those  containing  lime,  magnesia,  or  both  as  a  foundation.  These  sub- 
stances when  pure  are  infusible,  and  they  are  not  affected  by  small 
amounts  of  silica,  although  of  course  excess  of  sihca  would  prevent 
their  use  as  a  basic  material.  Large  amounts  of  iron  oxide  would  give 
easily  fusible  combinations  with  both  lime  and  magnesia. 


Hess — Proportions  of  Regenerative  Gas  Furnaces,  63 

Dolomite  Is  an  important  basic  mat<?rial  of  about  the  following 
composition : 

SiO, 2.14 

FAi ^'^^ 

CaCO, 55.05 

MgCX)s 42.50 

Dolomite  is  prepared  by  heating  to  a  white  heat  in  a  cupola,  at  which 
temperature  it  loses  its  property  of  absorbing  moisture  and  carbon 
dioxide.  The  burnt  dolomite  is  then  pulverized  and  mixed  with  a 
small  percentage  of  tar  to  act  as  a  binder;  this  material  can  either 
be  rammed  in  place,  made  into  bricks  and  dried,  or  pressed  into 
shape  by  a  hydraulic  press  exerting  5000  to  6000  pounds  per  square 
inch  on  the  surface  of  the  brick. 

Although  magnesite  is  superior  to  dolomite  as  a  refractory,  its  use 
is  limited  owing  to  its  cost.  Magnesite  is  less  affected  by  moisture 
than  dolomite  and  resists  the  attacks  of  silica  and  silicious  slags  better 
at  high  temperatures.  The  treatment  of  magnesite  is  somewhat 
similar  to  that  of  dolomite.  It  can  be  burned, — not  dead  burned, — 
ground,  made  into  bricks  under  pressure,  and  rebumed  at  a  white 
heat.  When  intended  to  be  rammed  into  place,  it  can  be  treated  the 
same  as  dolomite  and  mixed  Avith  tar,  or  the  binding  material  can  be 
milk  of  dolomite  made  by  adding  water  to  ground  dolomite  which 
has  been  burned  but  not  dead  burned. 

Furnace  Walls^  Flues^  etc. — The  manufacturers  of  fire-bricks  furnish 
a  considerable  variety  of  sizes  and  shapes,  and  as  far  as  possible  these 
should  be  used,  avoiding  cutting  and  fitting  the  bricks.  The  straight 
clay  or  sUica  brick  is  about  9  inches  X  4^  inches  X  2^  inches.  One 
manufacturer's  catalogue  offered  thirty-five  different  shapes  of  sUica 
bricks  and  a  greater  number  of  clay  bricks.  From  these  thirty-five 
sizes  the  selection  of  ten  to  twelve  shapes  that  could  be  used  to  ad- 
vantage should  not  be  difficult.  Fire-bricks  are  laid  in  fire-clay  grout, 
1000  bricks  requiring  about  700  pounds  of  fire-clay.  The  bricks  should 
be  laid  with  joints  as  thin  as  possible,  using  a  minimum  of  the  grout. 

In  a  basic  furnace  the  roof  and  side  walls  to  within  8  or  10  inches 
of  the  fore-plate  level  are  silica  brick,  the  roof  usually  9  inches  thick 
on  account  of  the  difficulty  of  holding  a  heavier  one ;  the  side  walls  are 
quite  commonly  13^  inches  thick.  The  lower  portions  of  the  side  walls 
are  generally  magnesite,  the  extreme  portions  of  the  side  walls  remote 
from  the  metal  bath  and  a  paving  or  two  on  the  bottom  plates  being 
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clay  fire-bricks.  Upon  this  paving  the  magnesite  bricks  or  blocks  are 
laid,  and  upon  this  the  hearth  proper  is  formed  of  rammed  dolomite. 
The  bottom  at  the  thinnest  part  is  seldom  less  than  18  to  24  inches. 
Flue  walls  are  commonly  made  from  9  to  18  inches  thick.  In  general, 
the  bottom  parts  of  the  furnace  are  lined  with  silica  brick,  where  they 
will  not  be  chemically  affected  by  the  materials  coming  in  contact 
with  them ;  this  includes  the  roof,  upper  side  walls,  portions  of  flues 
between  furnace  and  regenerators,  and  the  upper  portions  of  the 
regenerators.  The  hearth  is  lined  with  basic  material,  and  such  por- 
tions as  are  likely  to  have  basic  slag  splashed  on  them,  as  side  waUs 
above  fore-plate  level,  bottom  of  parts  and  back  of  flues  for  the  last 
two  parts  chrome  bricks,  are  especially  useful.  For  all  other  portions 
where  fire-bricks  are  required  clay  bricks  are  used. 

In  an  acid  furnace  the  hearth  proper  may  be  made  of  sand  spread 
upon  a  9-inch  paving  of  fire-bricks.  The  sand  is  spread  in  successive 
layers,  being  heated  and  set  after  each  layer  until  a  depth  of  18  to 
24  inches  is  obtained. 


DISCUSSION. 

The  President. — Mr.  Hesa  ha.s  given  us  a  most  interesting  paper  on  Rt*- 
generative  Gas  Furnaces,  and  especially  so  to  those  of  us  who  have  to  do  with 
using  the  product  of  these  furnaces.  We  have  with  us  a  number  of  mechanieaJ 
engineers,  and  shall  be  glad  to  hear  from  them  or  from  any  meml>er  of  the  Club. 

James  Christie. — It  is  very  desirable  to  have  on  record  the  proportions 
that  Mr.  Hess  ha.s  compiled,  especially  a-s  these  dimensions  are  derived  largely 
from  experience.  We  have  to  depend  upon  experience  for  the  best  proportions 
of  flues  and  passages  to  pennit  the  desired  flow  of  gases,  and  the  proper  allowance 
to  make  for  extraneous  deposits  and  similar  accidental  obstructions.  One 
cannot  help  in  observing  the  action  of  the  regenerative  furnace,  that  although 
it  is  the  most  economical  tyi>e  in  use,  yet  it  is  at  the  same  time  a  very  wasteful 
device.  Considerable  quantities  of  combustible  gas  are  wasted  at  the  pe^io<i^ 
of  reversal  and  by  reason  of  leaky  valves,  etc.  These  losses  usually  amount 
to  a  good  deal  in  the  aggregate 

The  ordinary  gas  producer  is  also  wasteful,  especially  in  consideration  of  the 
fact  that  less  than  one-half  of  the  gas  is  combustible  and  the  remainder  act-s 
as  a  vehicle  to  carry  the  heat  of  the  funiace  up  the  chimney.  Notwithstanding 
this,  owing  to  its  simphcity,  the  gas  producer  has  never  been  displaced  by  a 
more  efficient  form  of  generator.  The  desirable  combination  is  to  obtain  a 
producer  that  is  simple,  cff'ective,  easily  cleaned,  and  that  supplies  gas  with 
a  minimum  proportion  of  non-combustil)le  elements.  The  funiace  end  so  de- 
signed as  to  be  durable,  convenient  to  repair,  so  constructetl  as  to  impart  the 
greatest  {wssible  amount  of  heat  to  the  material  to  be  operated  upon,  the  re- 
generators designed  to  absorb  the  greatest  possible  amount  of  the  heat  that  has 


Hess — Proportions  of  Regenerative  Gas  Furnaces,  65 

escaped  from  the  furnace  and  that  will  surrender  the  stored  heat  to  the  incoming 
air  and  gas. 

Marked  improvements  have  been  made,  both  in  gas  producers  and  in  re- 
generative furnaces,  during  recent  years,  and  considering  the  arduous  nature 
of  the  service  the  results  obtained  are  remarkable. 

Mr.  Hess. — Regarding  the  pull  in  the  stack,  I  certainly  had  not  intended 
to  mislead  anybody.  I  had  quite  clearly  in  mind,  and  thought  I  had  men- 
tioned it,  that  the  stack  and  the  flues  leading  from  the  regenerator  into  the 
furnace  act  together  in  producing  the  draught.  Undoubtedly  there  is  a  pressure 
produced  by  the  air  and  gas  being  heated  in  the  regenerators  and  flues  from 
the  regenerators  to  the  furnace.  The  intention  of  the  stack  is  then  to  pull 
the  gases  out  of  the  furnace.  Whatever  tendency  the  stack  has  to  reduce 
the  pressure  in  the  furnace  of  course  assists  the  regenerators  and  the  flue  from 
the  regenerator  to  the  furnace  in  forcing  more  gas  into  the  furnace. 

The  President. — Is  any  further  discussion  desired?  We  shall  be  glad  to  hear 
from  any  member.  I  think  I  am  correct  in  saying  that  it  is  due  to  those  who 
have  given  this  subject  much  thought  and  who  have  devoted  their  time  to  the 
improvement  of  the  processes  and  machinery  for  cheapening  the  manufacture 
of  steel — it  is  due,  I  say,  to  their  efforts,  that  we  are  able  to  \ise  steel  in  various 
shapes,  instead  of  wood  for  building  material  to-day.  I  can  very  well  remember 
the  time,  and  I  think  I  have  given  the  figures  from  this  platform  before,  when 
we  imported  into  this  country  steel  rails  at  $176.00  (currency)  per  ton.  That 
was  not  so  many  years  ago,  was  it  Mr.  Christie? 

Mr.  Christie. — Not  so  very  long  ago. 

The  President. — I  think  it  is  due  to  these  improved  processes  that  the 
price  of  steel  has  been  brought  down  to  the  figures  of  to-day.  There  was  a  time, 
not  so  many  years  ago,  when  we  imported  nearly  all  our  steel  from  Sheffield, 
but  that  was  mostly  for  the  making  of  tools.  Now  its  manufacture  has  devel- 
oped to  such  an  extent  in  this  country  that  it  has  largely  taken  the  place  of  iron 
We  now  use  steel  for  almost  everything;  we  use  very  little  iron.  Iron  is  as 
scarce  relatively  to-day  as  steel  was  forty  years  ago.  I  think  that  is  not  putting 
it  too  strongly;  and  all  these  changes  in  conditions  have  been  brought  about 
by  the  labors  of  those  who  have  given  their  time  to  the  improvement  of  the 
processes  of  manufacture,  from  the  time  of  Siemens  down  to  the  present.  This 
has  been  an  interesting  paper,  and  we  are  indebted  to  Mr.  Hess  for  bringing 
this  subject  so  plainly  before  us. 
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Regular  Mbetino,  October  3,  1903. — President  Edwin  F.  Smith  in  the  duur. 
Seventy-two  members  and  visitors  present. 

Mr.  Wm.  H.  Heulin^B,  Jr.,  read  a  paper  upon  ''Development  of  the  Brill 
System  of  Trucks  for  Electric  Motor  Cars." 

Rboular  Mesting,  October  17,  1903. — ^Vice-President  Comfort  in  the  c^iair. 
Sixty  members  and  visitors  present. 

Mr.  Henry  Hess  presented  the  subject  of  **  Foundry  Costs;  their  Analysis  and 
Reduction." 

Regttlar  Meeting,  November  7,  1903. — President  Edwin  F.  Smith  in  the 
chair.     Eighty  members  and  visitors  present. 

Mr.  Walter  Loring  Webb  read  a  paper  entitled  "  Notes  on  the  Construction  <^ 
an  Electric  Road  and  Power-house  at  Morgantown,  W.  Va.," 

Business  Meeting,  November  21,  1903. — President  Edwin  F.  Smith  in  the 
chair.     One  hundred  and  six  members  and  visitors  present. 

The  Nominating  Committee  presented  the  following  nominations  for  officers : 

For  President, Carl  Hering. 

For  Vice-President, Thos.  C.  McBride. 

{Wm.  Easby,  Jr. 
George  C.  Davis. 
Washington  Devereux. 

For  Secretary, J.  O.  Clarke. 

For  Treasurer, Geo.  T.  Gwilliam 

The  Tellers  reported  the  election  of  Messrs.  Wm.  B.  Brendlinger,  H.  T.  Cam- 
pion, Bernard  T.  Converse,  Harry  C.  Heaton,  Herbert  F.  Moore  and  G.  I.  Vin- 
cent to  active  membership. 

Blr.  R.  W.  Lesley  opened  a  topical  discussion  on  "The  Cement  Age,"  and 
''The  Many  New  Uses  and  Increasing  Demand  for  Plastic  Materials,"  which 
was  participated  in  by  Messrs.  Christie,  Humphrey,  and  others. 

Regular  Meeting,  December  5,  1903. — President  Edwin  F.  Smith  in  the 
chair.     Sixty-six  members  and  visitors  present. 

Mr.  H.  D.  Hess  read  a  paper  upon  "Proportions  of  Regenerative  Gas  Fur- 
naces, with  Special  Reference  to  Open-hearth  Furnaces." 

Business  Meeting,  December  19,  1903. — President  Edwin  F.  Smith  in  the 
chair.     Ninety  members  and  visitors  present. 

The  Tellers  reported  the  election  of  Messrs.  Herbert  S.  Fullerton,  S.  H.  Good- 
enough,  Eugene  D.  Hays,  W.  T.  Newcomb,  A.  F.  Rader,  and  Fred.  G.  Thorn, 
Jr.,  to  active  membership,  and  Mr.  Wm.  Harman  to  jimior  membership. 

After  the  meeting  the  members  participated  in  an  enjoyable  smoker. 
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Regular  Meeting,  October  17, 1903. — Present :  Vice-Presidents  Comfort  and 
Foster,  Directors  McBride,  Roegner,  Bonner,  Leiper,  the  Secretary  and  the 
Treasurer. 

The  Treasurer's  report  showed : 

Balance,  August  31st, $1104.42 

September  receipts, 210.00 

$1314.42 
September  disbursements, 234.48 

Balance,  September  30th, $1079.94 

Regular  Meeting,  November  21, 1903. — Present :  President  Edwin  F.  Smith, 
Vice-Presidents  Comfort  and  Foster,  Directors  McBride,  Myers,  Reigner,  and 
Leiper,  and  the  Secretary. 

The  Treasurer's  report  showed : 

Balance,  September  30th, $1079.94 

October  receipts, 521.80 

$1601.74 
October  expenditures, 689.41 

Balance,    $912.33 

The  Library  Committee  reported  that  the  Reference  Library  had  been  indexed 
and  that  the  society  publications  are  now  indexed  and  filed  together. 

The  chairmen  of  the  Membership,  Information,  and  House  Committees  were 
made  a  special  committee  of  entertainment  for  the  club  smoker  to  be  held  on 
the  second  meeting  of  December,  for  the  purpose  of  properly  introducing  the 
many  new  members  that  have  been  elected  this  year. 

The  prices  for  copies  of  "  Proceedings"  were  revised  as  follows: 

50  cents  per  copy  to  the  general  public. 

25  cents  per  copy  to  members  and  newsdealers. 

Authors  may  secure  additional  copies  of  ''Proceedings"  in  which  their  papers 
appear  at  cost,  if  ordered  before  going  to  press. 
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Regular  Meehnq,  December  19,  1903. — Present:  President  Edwin  F. 
Smith,  Vice-President  Comfort,  Directors  Riegner,  Myers,  Bonner,  and  Leiper, 
the  Secretary  and  the  Treasurer. 

The  Treasurer's  report  showed : 

Balance,  October  31st, $912.33 

November  receipts, 279.45 

$1191.78 
November  disbursements,  442.99 

Balance,    $748.79 

The  following  named  junior  members  were  transferred  to  the  active  list, 
Messrs.  Wm.  C.  Kerr,  Carl  Rossmassler,  and  R.  Robert  Yamall. 

Mr.  John  T.  Loomis  was  appointed  to  fill  the  unexpired  term  of  Mr.  D.  A. 
Hegarty,  Director. 

The  salary  of  Mr.  Fred'k  W.  Myers,  Clerk,  was  increased  five  dollars  per 
month,  dating  from  January  1,  1904. 

Resignations  from  active  membership  were  accepted  from  the  following: 
Messrs.  G.  C.  Schoff,  Wm.  E.  Mott,  J.  Ogden  Hoffman,  E.  C.  Felton,  R.  Khuen, 
Jr.,  T.  Kolischer,  Chas.  J.  Dougherty,  and  J.  M.  Cox. 


ADDITIONS  TO  GENERAL  LIBRARY. 


From  Emil  L.  Nueblinq,  Reading,  Pa. 
Thirty-eighth  Annual  Report,  Board  of  Water  Conunissioners,  Reading,  Pa. 

From  Ray  D.  Lillibriooe,  New  York. 
"The  Influence  of  Electricity  on  the  Development  of  Water  Powers." 
Pamphlet  by  F.  A.  C.  Perrine. 

From  the  Commissioner  of  Education,  Washington,  D.  C. 
Annual  Report,  Vol.  I,  1902. 

From  Boston  Transit  Commission,  Boston,  Mass 
Ninth  Annual  Report,  June  30,  1903. 
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THE  ENGINEERS'  CLUB  OF  PHILADELPHIA, 

House*  No.  iiaa  Qlnird  Street, 

PHILADELPHIA,  PA. 


ANNUAL  REPORT  OF  THE  BOARD  OF  DIRECTORS 

For  the  Fiscal  Year  1903 

January  2,  1904. 
To  THE  Engineers'  Club  of  Philadelphia: 

In  compliance  with  the  requirements  of  the  By-Laws,  the  Board  of  Directors 
offers  the  following  report  for  the  year  ending  December  31,  1903. 

One  special  and  17  regular  meetings  of  the  Gub  were  held,  at  which  the 
maximum  attendance  was  135,  and  the  average  84  The  increased  average 
attendance  for  1903  over  1902  is  about  19  members.  Nine  stated  and  3  special 
meetings  of  the  Board  of  Directors  were  held. 

Forty-eight  active,  5  associate,  and  7  jirnior  members  were  elected,  and  1 
active  member  reinstated;  13  active  members  resigned;  1  associate  and  4  active 
members  were  dropped  from  the  rolls;  3  junior  members  were  transferred  to 
the  active  list. 

The  record  of  deaths  b: 

Geo.  W.  Hancock,  Active  Member,  died  March  22,  1903. 
Henry  A.  Vezin,  Active  Member,  died  December  27,  1902. 
The  membership  of  the  Club  on  December  31,  1903,  as  compared  with  the 
previous  year  was  as  follows: 

1902.  1903. 

CloM,  R€9iderU.  Nan-RMtident.   ToUU.  Rstident.  Non-RetHmU,   Tciai, 

Honorary 1  6  7  2  6  7 

Active 299       120    419        336     116     462 

Associate 14  14        18  18 

Junior 12        4     16        16      4      20 

326       130    456       372     125     497 
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The  following  papers  have  been  presented : 

January  3d Charles  Piei, 

The  Handling  and  Storing  of  Iron  Ore. 

January  17th    Henry  J.  Hartley. 

Address  of  Retiring  President. 

January  SIst Henry  Wiederhold. 

Asphalt  and  Asphalt  Mastics. 

February  7th Joseph  L.  FerrrfL 

Apparatus  for  and  Methods  of  Treating  Wood  to  Protect  it  from  Fire 
and  Preserve  it  from  Decay. 

February  21st John  W.  Hifl. 

Improvement,  Extension,  and  Filtration  of  Water  Supply  of  Phila- 
delphia. 

March  7th H.  B.  Schermerhom. 

The  State  of  the  Art  in  Patent  Cases. 

March  218t Howard  W.  DuBois. 

Reconnaissance  Methods  of  Surve3ring  in  a  Momitainous  District. 

April  4th L.  Y.  Schermerhom. 

Obstruction  of  the  Navigation  of  Southern  Rivers  by  the  Growth  of  the 
Water  Hyacinth. 

April  4th E.  K.  Landia. 

Richards'  Prismatic  Stadia  Used  as  a  Rangefinder. 

May  2d Rear  Admiral  Geo.  W.  Melville. 

The  Bfilitary  Importance  of  Naval  Engineering  Experiments. 

May  16th A.  L.  Baldwin. 

Recent  Rapid  Base  Line  Measures,  Precise  Leveling,  and  Tri angulation. 

.  June  6th Henry  G.  Morris. 

A  Consideration  of  the  Gaseous  Fuel  Problem. 

September  19th Henry  LeflFmann. 

The  Borderland  of  Biology  and  Engineering:  Exemplifications  of  Engi- 
neering Principles  in  Living  Structures. 

October  3d Wm.  H.  Heulings,  Jr. 

Development  of  the  Brill  System  of  Trucks  for  Electric  Motor  Cars. 

October  17th Henry  Hess. 

Foundry  Costs;  Their  Analysb  and  Reduction. 

November  7th Walter  Loring  Webb. 

Notes  on  the  Construction  of  an  Electric  Road  and  Power  House  at 
Morgantown,  W.  Va.     Topical  Discussion. 

November  21st R.  W.  Lesley. 

The  Cement  Age,  the  Many  New  Uses  and  Increasing  Demand  for 
Plastic  Materials.     Topical  Dbcussion. 

December  5th H.  D.  Hess. 

Proportions  of  Regenerative  Gas  Furnaces,  with  Special  Reference  to 

Open  Hearth  Furnaces. 

December  19th Informal  Smoker. 
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Members  and  their  friends  inspected  the  asphalt  works  of  the  Vulcanite 
Paving  Company,  at  Long  Island  City,  and  the  New  York  Subway,  on  February 
7th,  and  visited  the  works  of  the  J.  G.  Brill  Company  on  October  3d,  as  arranged 
by  the  Information  Conunittee. 

Special  attention  is  called  to  the  Reference  Library,  which  has  been  thoroughly 
indexed  and  cross-indexed. 

A  new  table  has  been  placed  in  the  auditorium  for  the  use  of  the  President 
and  Secretary  and  new  cases  placed  in  the  Reference  Library  room. 

The  furniture  and  fixtures  of  the  house  are  in  excellent  condition. 

Net  Expenditures  for  1903. 

House $2524  66 

Proceedings  and  Directory 931  81 

Library 106  91 

Information 43  70 

Office 643  78 

Salaries 1736  00 

$5984~75 
Assets,  December  31,  1903. 
Furniture  and  fixtures,  as  per  appraisement  Feb- 
ruary 17,  1900,  with  subsequent  additions $1947  26 

Library,  as  per  appraisement  February  10,  1900, 

with  subsequent  additions 2360  66 

Total  furniture  and  library $4307  82 

U.  S.  Bond,  issue  of  1898  (par  $500),  market  value 632  60 

On  deposit,  bearing  interest  at  three  per  cent 661  49 

On  deposit,  bearing  interest  at  two  per  cent,  (including  $705 

dues  for  1904) 761  11 

$6162  92 

The  Club  has  no  Liabilities. 
The  Board  congratulates  the  Club  on  the  unusual  increase  in  membership 
during  the  past  year,  which  was  doubtless  due  in  large  measure  to  our  very 
successful  Twenty-fifth  Anniversary  Banquet,  held  in  December,  1902,  and 
to  the  interesting  and  instructive  visits  to  manufacturing  establishments  and 
engineering  works  made  during  the  year. 

Respectfully  submitted, 

Edwin  F.  Smith,  President. 
J.  O.  Clarke,  Secretary. 
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Report  op  the  Treasurer  for  the  Fiscal  Year  1903. 


lUeeipU. 
Initiation  fees  (60) .  $300  00 

1901  dues 15  00 

1902  dues 285  00 

1903  dues 4592  50 

1904  dues 705  00 


-$5897  50 


Proceedings : 
Advertisements  . .     304  50 

Sales    93  90 

Reprints 145  80 

544  20 

1903     Directory     advertise- 
ments       600  00 

Interest  on  deposits 42  99 

15  00 

5  21 

34  05 

3  15 

2  00 


Interest  on  investment . 

Telephone 

Billiards 

Lantern  slides 

Binding  books 


Total  receipts $7144  10 

Cashbalance,  Dec.  31, 1902..   1341  86 


$8485  96 


Philadelphia,  Jan.  4,  1904. 


Bxpenditwe9. 

Salaries: 

Secretary $240  00 

Treasurer 60  00 

^  Clerk 895  00 

Janitor 540  00 


-$1735  00 


House: 

Rent $1100  00 

Coal 133  60 

Gas  and  electric 

light 120  58 

Ice   31  97 

SuppUes  and  re- 
pairs    344  82 

Telephone 143  89 

Insurance    12  00 


1886  86 


Office  expenses 672 

Proceedings 1611 


23 

46 

43  70 


Information  Committee . . . 

Library   108  71 

Luncheons 655  40 

1903  Directory 460  00 


Total  disbursements 7173  36 

CASH  BALANCE,  DEC.  31, 1908,1812  M 


$8485  96 


Respectfully  submitted, 

Geo.  T.  Gwilliam,  Treasurer, 


We  have  examined  the  books  and  accounts  of  the  Treasurer,  compared  them 
with  the  original  vouchers,  checks,  and  bank  books,  and  found  them  to  corre- 
spond with  the  Treasurer's  statement  submitted  above. 

W.  P.  Dallet,  ^ 

H.  W.  Spanqler,  f  Auditors 

Rich'd  L.  Humphrey,   '' 
January  13,  1904. 


THE  ENGINEERS'  CLUB  OF  PHILADELPHIA 

1122  Olrard  Street  ^ 


OKKICERS   KOR  1004 


President 
CARL  BERING. 

Vice-Presidents 
Iknn  Expiru  Jaimatry^  1905  T*rm  Expire*  January  ^  1906 

HORATIO  A.  FOSTER  TH08.  C.  McBRIDE 

Directors 

Term  Bxpiru  January ,  1905 

JAMES  B.  BONNER  GEO.  NEVILLE  LEIPER 

JOHN  T.  LOOMIS 

Temi  Bspiret  January^  1906 

GEORGE  C.  DAVIS  WASHINGTON  DEVEREUX 

WM.  EASBY,  Jb. 

Secretary  Treasurer 

J.  O.  CLARKE  GEORGE  T.  GWILLIAM 

Clerk 
FRED'K  W.  MYERS 


STANDING  OOMMITTEBS  OF  BOABD  OF  DIRECTOBS 

/Vnan«0— Horatio  A.  Foster,  James  B.  Bonner,  George  C.  Davis. 
Mmnh€r»hip^3kuvA  B.  Bonner,  Horatio  A.  Foster,  Wm.  Easby,  Jr. 
PiMieaHon—yfu.  Easby,  Jr.,  Thos.  C.  McBride,  James  B.  Bonner. 
Z^frroiy— Geo.  Neville  Leiper,  Washington  Devereux,  George  C.  Davis. 
/n/orma/i(m— Thos.  C.  McBride.  Wm.  Easby,  Jr.,  John  T.  Loomis. 
Hw-^ovv  T.  Loomis,  Geo.  Neville  Leiper,  Washington  Devereux. 

COMMITTEES  OF  THE  CLUB 
lUlaliont  <^f  the  Engin—ring  Prqfeition  to  the  Public— Jouv  BiRKiNBiNE,  Chairman. 

MEETINGS 

Annual  Meeting — 3d  Saturday  of  Janaaiy,  at  8  P.M. 

Stated  Meetings — Ist  and  3d  Saturdays  of  each  month,  at  8  p.m.,  except  between  the 

fourteenth  days  of  June  and  September. 
Business  Meetings — When  required  by  the  Constitution  or  By-Laws,  when  ordered 

by  the  President  or  the  Board  of  Directors,  or  on  the  written  request  of  five 

Active  Members  of  the  Club. 
The  Board  of  Directors  meets  on  the  3d  Saturday  of  each  month,  except  July  and 

August. 


THE  N£W  YOnK 

PUBLIC  LIBKARY. 


AaTO<\,  LtNOX  AND 
TIUDEN   FOUNOATWWf. 


^^^ 


^ 


Twenty-sixth  President  of  the  Club.  January  17.  tqoj— January  16.  1904. 


t  t 
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»U  XXI,  No.  2 
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April,   1904 


PROCEEDINGS 


Who4  Number  92    ,„, 


heEngineers'Club 


PHILADELPHIA 


Kdlted  by  ttie  I=*ubllcatlon  Committee 


CONTENTS 

me  EArlj  Engineering  Works  in  Peiiiisjlvania.     EdwIN  F.  SMtTII,  . 


Diik'o^iou  hy  Mksskh.  LicKrilAlfK,  CKRMIIE,  HtiME,  and  HirMPHREY. 

ete  :  Its  Propcrtie** and  Applications,     EtifiAR  Mahkltrg, 1(W 


ii  Cement  Ag^:  The  Many  New  Uses  aud  Increjiattig  Denmrid  for  Pliiatii! 
Mftteiiwla,     R,  W,  LnsLKV, , .....»/     1»1 
nfoi 


Charles  M.  \Etlt,s,     . 
Henhy  IL  QiLMUv,     . 

GBOUmca   WEBSTJtR, 

CHARLiS^  H.  UMsrrKAr*, 


114 
VU 
I'M 
ISI 


I  lib 


iufhto^  Concrelf  vn  Bnilding  Constfoetimi.     Emilk  G.  Pe^kot,    . 
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SOME  EARLY  ENGINEERING  WORKS  IN  PENNSYLVANIA. 

ADDRESS  BY  THE  RETIRING  PRESIDENT, 

EDWIN    F.    SMITH. 

( 
Read  January  16,  WOL 

Just  a  quarter  of  a  centur>'  ago,  on  the  evening  of  Januar>'  8, 
1879,  the  first  President  of  the  Engineers*  Chib  of  Philadelphia,  in 
closing  the  work  of  the  year  and  resigning  the  office  to  his  successor, 
delivered  what  has  come  to  be  known  as  the  Ahnual  Address,  in 
which  he  spoke  of  the  event  as  ^^  the  last  chapter  in  the  first  volume 
of  our  histor>'.**  To-night  we  close  the  last  chapter  in  the  twenty- 
fifth  volume,  completing  a  (juarter  century  of  Club  life,  which  I  am 
glad  to  say  has  been  continuously  active,  has  established  the  Club 
on  a  firm  foundation,  and  has  prepared  the  way  for  t^xm  jp[rtmtt*r 
achievements  in  the  future. 

In  membership  we  have,  with  the  close  of  the  yoar,  n'uclit  d  thft' 
five  hundred  mark,  while  the  average  attendance  at  our  sicnii-RKmthlj 
meetings  has  grown  to  eighty-four,  a  greater  number  than  exov  \wUm 
When  we  remember  the  purpose  for  which  the  Club  was  Qrganijscd 
namely,  "the  professional  improvement  of  its  memhors,  lh«  fiH 
couragement  of  social  intercourse  among  men  of  ]>raclical  i^okmi^ 
and  the  advancement  of  engineering  in  its  seveml  hmnclK*^*/'  w 
may  congratulate  ourselves  that  so  many,  after  t\u*  lubom  of  if 
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week  in  the  office  and  in  the  field,  are  willing  to  meet  together  for 
mutual  help  in  the  theory  and  the  practice  of  our  profession.  In 
this  we  have  been  aided  by  having  comfortable  quarters,  and  by 
having  about  us  the  weekly  and  monthly  engineering  publication.* 
of  the  day,  covering  a  wide  field,  by  which  the  Chib  has  placed  w-ithin 
the  reach  of  its  members  the  means  of  keeping  informed  on  current 
topics  of  engineering.  The  Hbrary  has  grown  to  be  a  good  beginning, 
and,  since  "of  making  many  books  there  is  no  end,''  we  may  hope 
that  some  day  the  Club  will  find  itself  in  possession  of  a  complete 
reference  librar>'. 

The  advance  of  the  engineering  profession  within  less  th«n  a  century 
is  in  no  way  more  manifest  than  in  the  multiplication  of  facilities 
for  its  development  into  an  exact  science.  Going  back  to  the  year 
1820,  the  President  of  one  of  the  works  of  internal  navigation  of 
the  State  of  Pennsylvania,  in  a  report  to  the  stockholders,  says:  *'  In 
the  progress  of  this  arduous  and  novel  undertaking  the  managers 
have  had  great  obstacles  to  encounter,  the  first  of  which  is  the  pro- 
curing of  skilful  persons  to  execute  the  work.'' 

This  difficulty  was  experienced  by  the  promoters  of  public  works 
in  Pennsylvania  until  nearly  the  middle  of  the  nineteenth  centuiy. 
There  was  a  scarcity  of  educated  civil  engineers,  for  there  was  no 
school  in  the  United  States  devoted  to  their  training  until  the  year 
1824,  when  the  Rensselaer  Polytechnic  Institute  was  founded,  and 
even  in  that  the  course  of  instruction  was,  at  the  first,  by  no  means 
comprehensive. 

Of  text-books  there  were  few  indeed ;  the  civil  engineer  engaged  in 
field  work  having  only  the  **  Railroad  Manual,  or  a  brief  exposition 
of  principles  and  deductions  applicable  in  tracing  the  route  of  a 
railroad,''  by  S.  H.  Long,  Bt.  Lt.  Col.  of  Engineers,  in  the  service 
of  the  Baltimore  and  Ohio  Railroad.     Part  1,  1829;  Part  2,  1836. 

This  little  work  was  the  forenmner  of  the  **  Pocket  Book  "  of  which 
we  now  have  so  many.  In  the  preface  the  author  says:  ''The  design 
of  the  following  little  work  is  to  place  in  the  pocket  of  the  engineer  a 
brief  and  perspicuous  compend  of  easy  rules  that  may  serv-e  as  a 
directory  to  guide  him  in  tracing  the  route  of  a  railroad." 

Among  the  few  other  text-books  may  be  noticed  "A  Treatise  on 
Canals  and  Reserv^oirs,  and  the  Best  Mode  of  Designing  and  Executing 
Them,"  etc.,  by  John  Sutcliffe,  Civil  Engineer,  1816,  and  "An  Ele- 
mentary' Course  of  Civil  Engineering,"  translated  from  the  French 
of  M.  I.  Sganzin,  with  notes  and  applications  adapted  to  the  United 
States,  published  in  1827,  in  which,  quoting  from  the  preface,  it  is 
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week  in  the  office  and  in  the  field,  are  willing  to  meet  together  for 
mutual  help  in  the  theon-  and  the  practice  of  our  profession.  In 
this  we  have  been  aided  by  having  comfortable  quarters,  and  by 
having  about  us  the  weekly  and  monthly  engineering  publicationjs 
of  the  day,  covering  a  wide  field,  by  which  the  Chib  has  placed  w-ithin 
the  reach  of  its  members  the  means  of  keeping  informed  on  current 
topics  of  engineering.  The  Hbrary  has  grown  to  be  a  good  beginning, 
and,  since  "of  making  many  books  there  is  no  end,"  we  may  hope 
that  some  day  the  Club  will  find  itself  m  possession  of  a  complete 
reference  library- . 

The  advance  of  the  engineering  profession  within  less  than  a  century 
is  in  no  way  more  manifest  than  in  the  multiplication  of  facilities 
for  its  development  into  an  exact  science,  doing  back  to  the  year 
1820,  the  President  of  one  of  the  works  of  internal  navigation  of 
the  State  of  Pennsylvania,  in  a  report  to  the  stockholders,  says:  *'In 
the  progress  of  this  arduous  and  novel  undertaking  the  managers 
have  had  great  obstacles  to  encounter,  the  first  of  which  is  the  pro- 
curing of  skilful  persons  to  execute  the  work.'^ 

This  difficulty  was  experienced  by  the  promoters  of  public  works 
in  Pennsylvania  until  nearly  the  mid<lle  of  the  nineteenth  centur>'. 
There  was  a  scarcity  of  educated  civil  engineers,  for  there  was  no 
school  in  the  United  States  devoted  to  their  training  until  the  year 
1824,  when  the  Rensselaer  Polytechnic  Institute  was  founded,  and 
even  in  that  the  course  of  instruction  was,  at  the  first,  by  no  means 
comprehensive. 

Of  text-books  there  were  few  indeed ;  the  civil  engineer  engaged  in 
field  work  having  only  the  "  Railroad  Manual,  or  a  brief  exposition 
of  principles  and  deductions  applicable  in  tracing  the  route  of  a 
railroad,^'  by  S.  H.  Long,  Bt.  Lt.  Col.  of  Engineers,  in  the  service 
of  the  Baltimore  and  Ohio  Railroad.     Part  1,  1829;  Part  2,  1836. 

This  little  work  was  the  forerunner  of  the  " Pocket  Book"  of  which 
we  now  have  so  many.  In  the  preface  the  author  says:  "The  design 
of  the  following  little  work  is  to  place  in  the  pocket  of  the  engineer  a 
brief  and  perspicuous  compend  of  easy  rules  that  may  serve  as  a 
directory  to  guide  him  in  tracing  the  roirte  of  a  railroad.'* 

Among  the  few  other  text-books  may  be  noticed  '*A  Treatise  oft 
Canals  and  Reservoirs,  and  the  Best  Mode  of  Designing  and  Executing 
Them,''  etc.,  by  John  SutclifTe,  Civil  Engineer,  181G,  and  "An  Ele- 
mentar}'  Course  of  Civil  Engineering,"  translated  from  the  French 
of  M.  I.  Sganzin,  with  notes  and  applications  adapted  to  the  United 
States,  published  in  1827,  in  which,  quoting  from  the  preface,  it  is 
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week  in  the  office  and  in  the  field,  are  willing  to  meet  together  for 
mutual  help  in  the  theory  and  the  practice  of  our  profession.  In 
this  we  have  been  aided  by  having  comfortable  quarters,  and  by 
having  about  us  the  weekly  and  monthly  engineering  publications 
of  the  day,  covering  a  ^ide  field,  b>-  which  the  Club  has  placed  ^\^thin 
the  reach  of  its  members  the  means  of  keeping  informed  on  current 
topics  of  engineering.  The  Hbrary  has  grown  to  be  a  good  beginning, 
and,  since  "of  making  many  books  there  is  no  end,"  we  may  hope 
that  some  day  the  Club  will  find  itself  in  possession  of  a  complete 
reference  librar>'. 

The  advance  of  the  engineering  profession  within  less  th«n  a  ceiituiry 
is  in  no  way  more  manifest  than  in  the  multiplication  of  facilities 
for  its  development  into  an  exact  science.  Going  back  to  the  year 
1820,  the  President  of  one  of  the  works  of  internal  navigation  of 
the  State  of  Pennsylvania,  in  a  report  to  the  stockholders,  says:  "In 
the  progress  of  this  arduous  and  novel  undertaking  the  managers 
have  had  great  obstaclies  to  encounter,  the  first  of  which  is  the  pro- 
curing of  skilful  persons  to  execute  the  work." 

This  difficulty  was  experienced  by  the  promoters  of  public  works 
in  Pennsylvania  until  nearly  the  middle  of  the  nineteenth  centurj'. 
There  was  a  scarcity  of  educated  civil  engineers,  for  there  was  no 
school  in  the  United  States  devoted  to  their  training  until  the  year 
1824,  when  the  Rensselaer  Polytechnic  Institute  was  founded,  and 
even  in  that  the  course  of  instruction  was,  at  the  first,  by  no  means 
comprehensive. 

Of  text-books  there  were  few  indeed;  the  civil  engineer  engaged  in 
field  work  having  only  the  "  Railroad  Manual,  or  a  brief  exposition 
of  principles  and  deductions  applicable  in  tracing  the  route  of  a 
railroad,"  by  S.  H.  Long,  Bt.  Lt.  Col.  of  Engineers,  in  the  service 
of  the  Baltimore  and  Ohio  Railroad.     Part  1,  1829;  Part  2,  1836. 

This  little  work  was  the  forenmner  of  the  "  Pocket  Book  "  of  which 
we  now  have  so  many.  In  the  preface  the  author  says :  "  The  design 
of  the  following  little  work  is  to  place  in  the  pocket  of  the  engineer  a 
brief  and  perspicuous  compend  of  easy  rules  that  may  serv'e  aa  a 
directory  to  guide  him  in  tracing  the  route  of  a  railroad." 

Among  the  few  other  text-books  may  be  noticed  *'A  Treatise  on- 
Canals  and  Reservoirs,  and  the  Best  Mode  of  Desig;mng  and  I^xecuting 
Them,"  etc.,  by  John  Sutcliffe,  Civil  ICngineer,  )8\^,  and  "An  Ele- 
mentar>'  Course  of  Civil  Engineering,"  translatr^^l  ^^^^^  ^^^  French 
of  M.  I.  Sganzin,  with  notes  and  applications  at;\  \i^^^  ^^  ^^^  Ijnited 
States,  published  in  1S*;>7.  in  \vh\oh^  ']\\ViW  fVti        '^^  P^^^ace,  it  is 
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said:  "The  object  of  the  translator  in  presenting  this  work  to  the 
public  is  to  do  something  to  supply  what  seems  to  him  a  great  de- 
ficiency in  the  books  on  practical  science  in  this  countr\'.  He  is 
acquainted  with  no  work  in  English  which  contains,  within  a  small 
compass,  and  in  a  form  intelligible  to  common  readers,  those  elementary 
principles  of  Engineering  which  relate  to  building  in  stone,  brick  or 
wood,  and  making  roads,  bridges,  canals  and  railways/^ 

The  work  of  Sganzin  had  long  had  a  high  reputation  in  France, 
and  was  used  as  a  text-book  in  the  Department  of  Civil  Engineering 
at  the  Royal  Polytechnic  School  in  Paris.  In  1823  it  was  adopted  at 
the  Unit<?d  States  Military  Academy  at  West  Point.  To  it  the  trans- 
lator added  a  chapter  on  railways,  compiled  from  the  best  English 
Authorities,  from  which  we  quot«  some  curious  observ^ations  on  the 
construction  of  railroads  in  those  early  days :  "  There  are  two  kinds 
of  rails  which  succeed  in  practice;  these  are  the  cast  and  wrought 
iron  ones.  Wrought  iron  does  not  last  so  long  as  cast  iron  when 
exposed  to  the  air  and  weather,  A  cast  iron  rail  is  more  liable  to 
fracture  than  a  wrought  iron  one,  even  when  made  of  the  best  of 
iron,  and  the  force  that  would  break  a  cast  iron  bar  would  only  bend 
a  wrought  iron  one,  which  would  not  interrupt  the  traffic  on  the 
road";  and  the  following  "Rule  for  the  Best  Length  of  Rails  of  Rail- 
roads": "The  price  of  a  ton  of  iron  delivered  on  the  railroad  must 
be  known,  and  also  the  price  of  the  chair,  stones  and  setting  one 
support.  Then  divide  the  price  of  a  ton  of  iron  by  the  price  of  one 
support,  both  being  in  dollars ;  square  the  quotient  ajid  multiply  it 
hito  the  breadth  of  the  rail  in  inches,  and  this  product  by  one-twentieth 
part  of  the  weight  of  the  loaded  wagon  in  pounds,  and  extract  the 
cube  root  of  the  product;  divide  700  by  the  cube  root  found,  and  the 
result  will  be  the  distance  in  feet."  To  which  the  author  adds  this 
note:  "This  is  for  cast  iron;  ever\'  precaution  should  be  adopted  for 
keeping  the  rails  dry." 

In  the  field  of  mechanics  the  early  text-l)ook  was  "  The  Elements 
of  Mechanics,"  by  James  Renwick,  LL.D.,  of  Columbia  College,  New 
York.     Published  in  1832. 

Nevertheless,  with  all  his  disadvantages  in  field  and  in  office,  his 
hanlships  in  the  primeval  forests,  and  the  lack  of  facilities  for  the 
prosecution  of  his  work,  the  early  civil  engineer  was  full  of  resources; 
and,  as  the  inventions  of  the  last  centur>'  were  brought  forth,  and 
money  became  more  plenty  for  installing  and  using  them,  he  was 
ready  to  welcome  and  adopt  new  ide^s  and  improvetl  methods. 

As  for  the  mechanical  engineer,  his  time  had  not  yet  come.     His 
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predecessor,  the  expert  mechanic,  was  wrestling  with  the  best  form 
of  steam  boiler,  with  a  tank  built  of  white  oak  plank  and  an  interior 
firebox  of  cast  iron.  The  locomotive  engine  existed  only  in  the  mind 
of  man  and  in  his  dreams. 

And  so,  after  Conmiissioner^s  dams  in  the  rivers  of  Pennsylvania, 
with  arks  and  rafts  as  the  only  means  of  transportation  other  than 
the  turnpikes  and  the  Conestoga  wagon,  came  canals  of  small  size, 
and  railroads  with  inclined  planes,  built  by  early  engineers,  with 
limited  facilities  and  experience;  and  with  these  came  the  period 
when  our  engineering  schools  for  technical  training  were  founded 
and  students  were  taught  the  theor\'  and  practice  of  engineering  as 
applied  to  modem  stnictures. 

Nothing  more  clearly  illustrates  the  need,  at  that  time,  of  technical 
education  in  engineering  than  the  comments  which  are  found  in  an 
early  report,  1838,  of  the  Tittle  Schuylkill  and  Susquehanna  Railroad, 
a  line  which  had  been  admirably  located  by  Edward  Miller,  an  accom- 
plished civil  engineer  and  a  citizen  of  Philadelphia. 

The  high  bridges  upon  this  Une  were  a  source  of  anxiety  to  the 
builders,  there  being  no  precedents  for  such  structures  for  railway 
traffic.  They  were,  therefore,  purely  experimental,  and  in  com- 
menting upon  the  first  one,  579  feet  in  length,  the  chief  engineer, 
Solomon  W.  Roberts,  says  in  his  report:  "The  superstructure  is 
of  ver>^  strong  lattice  work,  having  three  sets  of  lattice  spans,  well 
braced  together.  The  length  of  the  single  span  is  200  feet,  which  is 
that  of  the  longest  span  upon  the  line."  Then  follows  this  remark: 
"  This  bridge  was  completed  before  the  others  in  order  to  judge  whether 
additional  strength  would  be  needed,  and  if  so,  to  learn  the  best 
mode  of  applying  it.'*  Also :  "  The  lattice  bridges  are  free  from  lateral 
thrust,  and  being  continuous  throughout,  may  be  supported  at  any 
point  indiscriminately.  Such  being  the  case,  and  the  rivulets  offering 
no  obstruction,  I  propose  that  when  the  superstructure  of  each  bridge 
is  completed,  the  keys  of  the  falseworks  shall  be  loosened,  and  the 
falseworks  allowed  to  remain  standing  ^\'ithin  a  few  inches  of  the 
lower  chords  of  the  bridge,  so  as  to  obviate  the  possibility  of  accident, 
and,  if  found  necessar>',  timber  framed  piers  may  be  built  half-way 
between  the  stone  ones,  so  as  to  shorten  the  spans  one-half,  and  to 
render  the  bridge  more  than  strong  enough  to  sustain  any  possible 
load.  This  will  not  be  a  ver}'  expensive  expedient,  and  it  must  be 
conclusive.'' 

It  was  on  this  line  of  railroad,  now  the  Catawissa  Branch  of  the 
Philadelphia  S:  Reading  Railway,  and  for  the  support  of  these  same 
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lattice  truss  bridges,  that  the  first  high  trestles  or  timber  framed 
piers  in  the  countrj'  were  built  in  the  year  1840,  work  having  com- 
menced on  the  Long  Hollow  Trestle  in  June  of  that  year.  They 
varied  in  height  from  53  to  129  feet,  and  in  length  of  superstructure 
supported,  from  600  to  1000  feet.  They  marked  the  beginning  of 
high  structural  works  in  timber,  and  were  essentially  the  same  in 
principle  as  the  constructions  in  steel  now  employed  for  the  same 
purposes  on  railroads,  as  well  as  for  the  skeletons  of  the  high  buildings 
of  the  present  day.  They  were  designed  by  James  F.  Smith,  Prin- 
cipal Assistant  Engineer,  who  had  obtained  his  early  training  on 
the  Allegheny  Portage  Railroad ;  the  woodwork  of  the  working  model 
being  made  by  him,  and  the  bolt- work  by  the  late  Ellerslie  Wallace, 
M.D.,  Dean  of  Jefferson  Medical  College  in  this  city,  then  an  assistant 
engineer  on  the  Catawissa  Railroad.  This  model,  which  is  now  de- 
posited with  the  Franklin  Institute  in  this  ciiy,  was  placed  upon  a 
solid  foundation  and  subjected  to  a  weight  of  6460  pounds,  without 
causing  the  least  deflection  in  the  posts,  when  the  test  was  discon- 
tinued. In  this  practical  way,  without  any  calculations  whatever, 
the  sufficiency  of  the  trestle  piers  for  sustaining  a  railway  bridge 
was  demonstrated.  The  same  plan  of  trestle  was  shortly  after  adopted 
for  the  Portage  Viaduct  over  the  Genesee  River,  on  the  New  York 
and  Erie  Railroad,  by  Silas  Se^-mour,  Civil  Engineer.  Thus,  from 
what  was  designed  to  fulfil  merely  a  temporary  purpose,  there  was 
derived  the  principle  embodied  in  the  structural  works  of  the  present 
day. 

Only  five  years  after,  there  was  constructed  what  we  have  reason 
to  believe  was  the  first  iron  railway  bridge  in  the  United  States.  It 
was  designed  by  Richard  B.  Osborne,  Qvil  Engineer,  then  Chief  Engi- 
neer of  the  Philadelphia  and  Reading  Railroad,  and  erected  in  Feb- 
ruary, 1845,  for  a  double  track  crossing  over  a  small  stream  south  of 
Flat  Rock  Tunnel,  near  Manayunk.  It  was  in  service  until  the 
year  1901,  but  for  many  years  had  been  carried  on  timber  trestles,  on 
account  of  the  heavy  traflfic  passing  over  it,  for  which  it  had  not  been 
designed.  It  is  doubtful  whether  any  other  bridge  in  the  country, 
wooden  or  iron,  carried  during  its  period  of  usefulness  so  great  an 
aggregate  of  tonnage  as  this,  the  first  iron  railway  bridge. 

With  this  bridge,  as  in  the  case  of  the  timber  structures  on  the 
Catawissa  Railroad,  there  was  the  same  distrust  of  new  things  in 
engineering,  brought  about  by  the  entire  dependence  upon  experi- 
ment in  designing.  It  is  recorded  that  "  it  looked  very  light  in  com- 
parison with  the  timber  structures,"  and  the  suggestion  was  made 
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by  the  President  of  the  Railroad  Company  that  "the  falseworks  be 
left  stand  within  half  an  inch  of  the  bottom  chords  to  give  it  a  longer 
test."    This  was  done  and  the  falseworks  remained  for  a  long  time. 

The  first  tunnel  in  the  United  States  was  the  work  of  <jreoi^  Duncan, 
a  Scotch  civil  engineer,  who  entered  the  service  of  the  Schuylkill 
Navigation  Company  about  the  year  1820,  and  designed  and  built 
many  important  works.  It  was  commenced  in  the  year  1821  and 
completed  in  September,  1825.  It  was  450  feet  long,  through  red 
shale  rock,  and  was  without  lining.  With  its  completion  the  naviga- 
tion works  were  opened  for  the  transportation  of  coal  from  Mount 
Carbon  to  Philadelphia.  The  first  six  tunnels  used  for  transportation 
purposes  in  Pennsylvania  and  in  the  United  States,  in  the  order  of 
their  construction,  were: 

1.  The  Schuylkill  Canal  Tunnel,  near  Auburn,  450  feet  long;  com- 
menced 1818,  completed  September,  1821;  George  Duncan,  Engineer. 

2.  The  Union  Canal  Tunnel,  I^banon,  729  feet  long;  1824-^26; 
Canvass  White,  Chief  Engineer. 

3.  The  Pennsylvania  Canal  Tunnel  at  Conemaugh,  817  feet  long; 
1828-30;  Alonzo  Livennore,  Engineer. 

4.  The  Pennsylvania  Canal  Tunnel,  Grants  Hill,  Pittsburg,  819  feet 
long;  1828-\30;  Nathan  S.  Roberts,  Engineer. 

5.  The  Allegheny  Portage  Tunnel,  901  feet  long;  1831-^33;  Sylvester 
Welsh,  Chief  Engineer;  Solomon  W.  Roberts,  Principal  Assistant 
Engineer-in-Charge. 

6.  The  Black  Rock  Tunnel,  Philadelphia  A:  Reading  Railroad, 
1932  feet  long;  1835-^37;  Moncure  Robinson,  Chief  Engineer;  W.  H. 
Wilson,  Resident  Engineer-in-Charge. 

George  Duncan  also  designed  and  constructed  what  I  am  inclined 
to  believe  was  the  first  impounding  reserv^oir  of  large  dimensions  in 
the  State  of  Pennsylvania,  and  indeed  in  the  United  States.  It  was 
built  in  the  years  1832-33  in  the  Tumbling  Run  Valley,  near  Mount 
Carbon,  as  part  of  the  water-supply  of  the  Schuylkill  Navigation,  and 
was  an  earthen  or  mound  dam  418  feet  in  length  and  48  feet  in  height. 
A  second  dam  of  the  same  type,  540  feet  in  length  and  60  feet  in  height, 
was  built  in  the  same  valley  by  Edward  F.  Gay,  Civil  Engineer,  in 
the  years  1835-37.  These  reservoir  dams  are  still  in  use  and  serving 
the  purpose  for  which  they  were  designed.  It  may  be  of  interest  to 
know  that  they  are  puddled  embankments,  without  core  walls,  and 
that  in  thase  early  days  the  use  of  grooved  rollers  on  such  works  in 
Pennsylvania  was  unknowTi. 

Among  (ieorge  Duncan's  other  works  were  dams  for  slack  water 
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navigation,  and  canals  and  hydraulic  works  in  connection  with  them, 
all  of  which  show  the  master-mind  in  engineering  design  and  con- 
struction. Two  timber  dams  in  particular  have  been  in  use  since 
the  yar  1833  for  slack  water  navigation,  without  accident  and  without 
rebuilding.  He  was  a  man  of  great  energ>%  strength  of  character 
and  originality.  Many  of  the  problems  which  confronted  him  were 
without  precedent  in  this  countr\%  and  yet  he  overcame  all  obstacles 
and  built  works  which  not  only  have  8ur\nved  until  to-day,  but  are 
still  useful. 

It  was  during  the  constniction  of  a  line  of  six  miles  of  slackwater 
navigation  on  the  upper  Schuylkill  that  (leorge  Duncan  built  and 
operated  for  some  years  a  mill  for  the  manufacture  of  hydraulic 
cement.  It  was  built  about  the  year  1831  and  was  operated  success- 
fully until  1850,  when  it  wa.s  destroyed  by  the  great  flood  of  that 
year.  The  natural  cement  produced  was  of  a  high  grade,  as  is  now 
plainly  to  be  seen  in  taking  dowTi  masonri-  laid  with  it.  This  cement 
mill  was  one  of  the  first  in  the  United  States.  One  at  Rondout,  New 
York,  was  built  at  about  the  same  time. 

The  Enigneer-in-Chief  of  the  first  workfs  of  the  Schuylkill  Navigation 
was  Thomas  Oakes,  another  civil  engineer,  of  whom  little  is  known, 
who  came  from  England  early  in  the  nineteenth  centur\',  and  of 
whom  the  only  mention  is  that  "he  must  have  been  an  engineer  of 
ability.^'  This,  indeed,  is  evidenced  by  many  of  his  works,  which 
are  still  standing  and  show  his  skill  in  designing  and  building.  He 
died  in  1825,  shortly  before  the  completion  of  the  line  extending 
from  Philadelphia  to  Mount  Carbon.  His  death  was  followed  almost 
immediately  by  the  death  of  Mr.  King,  another  engineer,  presumably 
his  assistant.  It  is  recorded  of  these  men  that  ''their  death  inter- 
posed obstacles  in  the  way  of  the  prosecution  of  the  work  not  easily 
surmounted,  nor  without  much  delay.*' 

Mr.  King,  whose  Christian  name  we  do  not  know,  made  the  first 
plans  for  the  improvement  of  the  navigation  of  the  Delaware  River, 
as  proposed  by  the  Lehigh  Coal  &  Navigation  Company,  about  the 
year  1825,  and  antedating  the  works  of  the  Delaware  Division  Canal. 

Of  the  early  railways,  the  Maueh  Chunk  Railway,  nine  miles  long, 
connecting  the  anthracite  mines  of  the  I^high  Coal  <fc  Navigation 
Company  with  the  Lehigh  Canal,  was  the  second  in  the  State;  the 
first  being  a  tramway,  one  mile  long,  in  Delaware  County,  built  in 
1806.  The  Mauch  Chunk  Railway  was  commenced  January-  8,  1827, 
under  the  superintendence  of  Josiah  WTiite,  and  completed  so  as  to 
pass  "wagons''  in  three  months  and  twenty-six  days. 
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The  rails  were  laid  upon  sills  of  sawed  white  oak  timber,  which 
were  laid  upon  a  roadbed  properly  prepared  and  embedded  in  broken 
stone.  These  silfe  were  6  feet  long,  extending  across  the  road,  and 
had  two  sawed  notches,  which  received  the  wooden  rails  of  sawed 
white  oak  tmiber,  5  inches  by  7  inches,  and  ^  feet  apart.  Upon 
these  rails  was  laid  strap  iron,  f  inches  thick  by  If  inches  wide  and 
14  feet  long,  with  an  allowance  of  ^  of  an  inch  between  the  rails 
for  temperature. 

The  Lehigh  Canal  was  commenced  in  the  sunmier  of  1825  under 
direction  of  Josiah  White,  who  was  an  engineer  by  instinct  and  self- 
training,  if  not  by  profession,  and  who  constructed  the  works,  including 
the  basin  in  the  neighborhood  of  Mauch  Chunk.  In  June,  1827,  the 
canal  from  the  end  of  the  first  mile  was  undertaken  under  the  super- 
intendence of  Canvass  White,  Civil  Engineer,  who  laid  out  and  con- 
structed the  line  from  Mauch  Chunk  to  Easton,  a  distance  of  46 J 
miles. 

The  chain  of  State  works,  stretching  from  Philadelphia  to  Pittsburg, 
and  connecting  the  Ohio  River  with  the  seaboard,  known  as  the 
"Pennsylvania  Internal  Improvements,^'  was  first  agitated  in  the 
year  1823,  and  bore  the  same  relation  to  the  commerce  of  Pennsylvania 
that  the  Erie  Canal,  at  the  same  time,  bore  to  that  of  the  State  of  New 
York. 

The  first  apf>ropriation  for  these  works  was  made  by  the  State 
of  Pennsylvania  on  Februar\'  25,  1826— $300,000.00— for  canal  con- 
struction. The  first  contracts  were  dated  June,  1826,  and  the  first 
ground  was  broken  on  July  4th  of  the  same  year.  It  was  a  great 
undertaking,  engaging  the  best  thought  and  efforts  of  the  leading 
civil  engineers  of  the  State  and  country'  at  a  period,  indeed,  which 
antedated  the  definition  of  our  profession  as  "the  art  of  directing 
the  great  sources  of  power  in  nature  for  the  use  and  convenience 
of  man.''  The  discomforts  of  traveling  by  stage,  and  the  labor  and 
hardship  involved  in  wagoning  goods  from  the  seaboard  to  the  West, 
had  made  these  works  of  internal  improvement,  which  were  the  pre- 
decessors of  the  Pennsylvania  Railroad,  not  nnly  neei*«s*ny  to  the 
convenience  of  man,  but  necessar\'  to  his  comfort  n^  wHL  ***—— 
modem  definition  of  civil  engineering,  embniring  all  itf 
as  distinguished  from  military'  engineering,  would  !*un4y  I 
comfort;  for  how  many  of  the  great  works  of  tfi*'  age^  \ 
solely  for  our  convenience  and  comfort  f 

We,  who  are  accustomed  to  the  use  of  nnvrti^r 
appreciate  that  the  problems  involved  in   thi'  dc 
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struction  of  these  early  canals  and  railroads  were,  to  the  engineers 
of  that  day,  when  everything  was  done  with  the  hands,  or,  as  it 
were,  by  "brute  force,'*  an  even  greater  undertaking  than  the  largest 
works  of  the  present  day. 

The  State  works  from  Philadelphia  to  Pittsburg  were  composed 
of  canals  and  railroads  in  five  divisions. 

The  Columbia  and  Philadelphia  Railroad  commenced  in  the  city 
of  Philadelphia,  at  the  intersection  of  Broad  and  Vine  Streets,  and 
followed  the  abandoned  bed  of  the  Union  Canal,  now  Pennsylvania 
Avenue,  to  a  point  on  the  Schuylkill  near  Peter's  Island,  crassing 
the  river  by  a  bridge  of  seven  spans  to  the  west  bank  to  the  foot  of 
the  first  inclined  plane.  This  plane  was  2714  feet  long,  and  its  eleva- 
tion 185  feet,  a  portion  of  it  now  being  occupied  by  the  roadbed  of 
the  Fairmount  Park  Transportation  Company.  From  the  head  of 
this  plane  the  route  extended  by  an  undulating  line,  with  numerous 
and  ver>^  sharp  curves,  through  what  was  at  that  time  considered 
the  most  highly  cultivated,  populous,  and  wealthy  section  of  Penn- 
sylvania, to  the  Susquehanna  River,  a  distance  of  77  miles. 

The  maximum  grade,  exclusive  of  the  planes,  did  not  exceed  30 
feet  to  the  mile,  and  the  sharpest  curves  were  of  a  radius  of  630  feet ; 
descent  was  made  to  the  Susquehanna  River  by  a  second  inclined 
plane,  1914  feet  long,  with  an  elevation  of  90  feet. 

These  planes  were  operated  by  stationary  steam-engines  of  45 
horse-power,  and  it  was  said  at  the  time,  that  although  the  amount 
of  tonnage  going  eastward  would  greatly  exceed  that  going  westward, 
the  engine  at  the  Schuylkill,  though  acting  on  a  longer  plane  and  one 
of  greater  elevation  than  at  the  Susquehanna,  would  still  be  able  to 
forward  the  tonnage  to  any  extent  required.  The  largest  bridge  on 
the  line  was  across  the  Conestoga,  near  the  city  of  Lancaster.  It 
was  built  of  timber  on  the  lattice  tniss  plan.  It  was  1400  feet  long 
and  had  eleven  spans.  The  piers  were  of  masonrv,  the  highest  being 
60  feet.  The  engineer  of  the  Columbia  and  Philadelphia  Railroad 
was  Major  John  Wilson. 

From  the  terminus  of  the  Columbia  and  Philadelphia  Railroad,  the 
Susquehanna  Division  was  a  canal,  commencing  in  a  basin,  237  feet 
above  tide,  following  the  Susquehanna  River,  passing  through  Middle- 
town  and  Harrisburg,  crossing  the  river  at  Duncan's  Island  and 
terminating  at  the  mouth  of  the  Juniata  River.  At  Middletown,  in 
a  basin  constructed  for  the  purpose,  it  was  joined  by  the  Union  Canal, 
one  of  the  earliest  works  projected  in  Pennsylvania,  which  was  opened 
for  trafliic  in  the  vear  1827. 
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One  of  the  greatest  undertakings  in  connection  with  this  division 
seems  to  have  been  the  crossing  of  the  Susquehanna  at  Duncan's 
Island,  now  known  as  the  Clarks  FeiT>^  Dam.  The  first  dam  was 
erected  on  plans  by  William  Strickland,  who  had  been  appointed  in 
December,  1825,  as  Consulting  Engineer,  to  prepare  maps  and  make 
estimates  of  the  canal  Hues.  It  was  on  this  section,  from  Middle- 
towTi  to  the  mouth  of  the  Juniata  River  (William  Strickland's  loca- 
tion), that  on  the  4th  of  July,  1827,  the  first  ground  was  broken  near 
Harrisburg,  in  the  construction  of  the  great  system  of  Pennsylvania's 
line  of  internal  improvements. 

The  first  dam  on  the  site  of  the  present  Clarks  Ferry  Dam  was 
nothing  more  than  a  winrow  of  loose  stones,  or  what  might  be  called 
a  rock-fill  dam.  It  was  destroyed  by  the  flood  of  1830  and  was 
replaced  by  one  of  larger  proportions  from  plans  of  Sylvester  Welsh 
and  Edward  F.  Gay,  two  distinguished  civil  engineers.  It  was  1998 
feet  in  length  and  8i  feet  high,  and  was  built  of  crib-work  covered 
with  heavy  timber,  and  was  completed  in  eighty-five  days  from  the 
date  of  contract. 

The  Juniata  Division  commenced  at  Duncan's  Island  and  extended 
to  Hollidaysburg,  and  followed  the  valley  of  the  river  from  which  it 
derived  its  name.  This  division  was  made  up  of  canal  and  slack- 
water  navigation,  much  of  it  of  difficult  construction.  There  were 
25  aqueducts  on  the  line  of  the  division,  the  longest  600  feet;  and  it 
is  worthy  of  note  that  one  of  the  aqueducts,  crossing  Buffalo  Creek, 
was  of  cast  iron.  The  remainder  of  them  were  carried  on  masonry 
abutments  and  piers,  with  wooden  superstructure. 

DeWitt  Clinton,  Jr.,  was  the  engineer  who  located  and  super- 
intended that  portion  of  the  canal,  between  Duncan's  Island  and 
Huntingdon,  from  the  beginning  of  the  work  almost  until  its  com- 
pletion, and  Edward  F.  (iay  was  the  engineer  of  that  part  of  the  line 
between  Huntingdon  and  Hollidaysburg,  where  connection  was  made 
with  the  Allegheny  Portage  Railroad. 

Quoting  from  a  recent  writer:  "The  Allegheny  Portage  Railroad 
was  considered,  in  its  day,  a  marvel  of  engineering  skill,  which  David 
Stevenson,  a  distinguished  engineer,  in  1888,  described  as  'a  mountain 
railway,  which,  in  boldness  of  design  and  difficulty  of  execution,  can 
compare  to  no  modern  work  I  have  ever  seen,  excepting,  perhaps,  the 
passes  of  the  Simplon  and  Mount  Cenis  in  Sadinia;  but  even  those 
remarkable  passes,  viewed  as  engineering  work,  did  not  strike  me 
as  being  more  wonderful  than  the  Allegheny  Mountain  Railway  in 
the  United  States.'"     Much  has  been  written  descriptive  of  this  work 
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It  took  its  name  from  the  Indian  trail  passing  over  the  mountains  ot 
Blair's  Gap,  which  was  the  only  route  suitable  for  the  transportation 
of  freight  over  the  mountains.     So  it  took  the  name  "Portage." 

It  was  located  and  the  system  of  works  designed  in  the  year  1S2^ 
by  Moncure  Robinson,  a  distinguished  civil  engineer,  who  a  few  years 
later  located  and  built  the  Reading  Railroad,  and  whose  report  on 
the  Allegheny  Portage  Railroad,  dated  November  28th  of  that  year, 
was  subsequently  approved  by  a  Board  of  Engineers,  appointed  by 
the  Canal  Commissioners  of  the  State  of  Pennsylvania.  On  the  31st 
of  March,  1831,  the  road  was  placed  in  charge  of  Sylvester  Welsh  as 
Principal  Engineer,  with  Moncure  Robinson  as  Consulting  Engineer 
to  make  the  final  location,  and  on  the  25th  of  May,  1831,  the  work  of 
construction  was  begun. 

The  road  consisted  of  levels  and  inclined  planes,  it  being  considered 
in  those  days  impracticable  to  surmount  as  much  as  one  per  cent, 
grade  with  a  locomotive.  Its  length  was  36.69  miles,  in  which  was 
overcome  an  ascent  and  descent  of  2570  feet,  of  which  2007  feet  were 
inclined  plane. 

The  necessity  of  making  the  inclines  straight,  the  extreme  steepness 
of  the  mountain  side,  requiring  expensive  retaining  walls,  and  the 
depth  and  frequency  of  the  abrupt  gorges  and  water  courses  which 
serrate  the  Allegheny  Mountains,  made  the  location  one  of  great 
difficulty.     The  summit  was  passed  at  Blair's  Gap,  through  an  open 
cut  of  12  feet,  and  the  road  descended  by  three  inclined  planes,  not 
far  apart,  into  the  valley  of  the  Conemaugh,  overcoming  in  13^  miles 
1706  feet  of  ascent  and  descent.     The  mountain  branches  of  the 
stream  were  crossed  by  cut  stone  viaducts  of  remarkably  good  design 
and  construction,  the  most  notable  of  which  was  the  Conemaugh 
Viaduct  of  80  feet  span  and  30  feet  from  foundation  to  springing  line, 
the  whole  height  of  the  structure  being  85  feet.     It  was  built  of  cut 
stone  and  served  its  purpose  as  a  railway  viaduct  for  double  track, 
until  destroyed  by  the  Johnstown  flood  in  1889.     The  cause  of  its 
failure  appeared  to  be  that  the  foundation  of  one  of  the  abutments 
was  upon  a  timber  platform  instead  of  being  carried  dowTi  to  rock, 
which,  in  that  day,  with  few  appliances  for  reaching  rock  at  anything 
but  a  moderate  depth,  appeared  to  the  engineers  to  be  a  difficult 
undertaking. 

On  the  levels,  extending  from  plane  to  plane,  the  superstructure 
of  this  early  railroad  work  was  formed  of  malleable  parallel  edge 
rails,  weighing  39^  pounds  to  the  yard,  with  a  head  2^^  inches  wide 
and  a  depth  of  2 J  inches.     These  were  supported  by  cast  iron  chairs, 
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weighing  12^  pounds  each,  placed  three  feet  from  center  to  center. 
Wherever  the  solidity  of  the  road  allowed  a  permanent  way  to  be 
laid  the  chairs  were  fastened  upon  stone  blocks,  1  foot  thick  and  24 
inches  long,  and  21  inches  broad,  which  were  firmly  embedded  in 
trenches  of  stone,  1  foot  deeper  than  the  bottom  of  the  blocks,  and 
thoroughly  drained.  The  roadbed  was  of  broken  stone,  6  inches 
thick.  In  through  cuts,  there  were  underground  catch-water  drains 
to  receive  the  water  which  percolated  through  the  trenches.  On 
embankments  the  cast  iron  chairs  were  fastened  in  the  first  instance 
to  cross-pieces  of  timber,  8  inches  long,  which  were  notched  into 
continuous  sills,  laid  under  the  line  of  each  rail,  these  sills  being  10 
inches  square.  On  the  inclined  planes  the  rails  were  of  timber,  6 
inches  by  8  inches,  with  plate  rails  2^  inches  by  6  inches,  and  these 
wooden  rails  were  supported  by  cross-pieces  of  the  same  dimensions, 
8  feet  long  and  4  feet  from  center  to  center. 

The  stone  blocks  used  on  the  Allegheny  Portage  Railroad  in  1834 
had  a  very  short  life.  They  answered  the  purpose  for  the  first  loco- 
motive engines,  which  were  of  4^  tons,  and  not  exceeding  6  tons 
weight;  but  when  heavier  locomotives  were  brought  into  use  the 
tracks  on  straight  li^es  were  spread,  and  where  long  blocks  of  stone, 
extending  across  the  track  in  curves  had  been  introduced,  alternating 
with  the  single  blocks,  they  were  soon  broken,  and  cross-ties  of  locust 
were  substituted.  At  length  more  and  more  cross-ties  were  found 
necessary,  until  the  stone  blocks  were  entirely  removed.  This  hap- 
pened as  early  as  1836-'37. 

The  incUned  planes  were  operated  by  stationary,  double-cylinder, 
high-pressure  engines  of  35  horse-power  each,  operating  drums  on 
which  endless  ropes  of  6i  to  7  inches  circiunference  were  used.  The 
machinery  was  designed  and  the  construction  of  the  planes  supervised 
by  Edward  Miller,  a  civil  engineer  of  Philadelphia,  who  also  designed 
and  put  into  use  the  safety  cars  attached  to  the  planes  to  prevent 
accident. 

Little  need  be  said  in  description  of  the  Western  Division,  com- 
mencing at  Johnstown,  and  extending  to  the  city  of  Pittsburg,  except 
that  the  greater  part  of  the  distance  was  in  canal,  of  dimensions  the 
same  as  on  the  Juniata  Division.  A  considerable  part  of  the  line, 
through  the  moimtain  region,  presented  to  the  engineer  unusual 
difficulties  of  construction.  There  were  two  tunnels,  one  819  feet 
in  length,  through  Grant's  Hill,  Pittsburg,  and  one  817  feet,  made 
to  avoid  an  elbow  in  the  Conemaugh  River;  and  these  were  among 
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the  early  tunnels  of  the  State.  Nathan  S.  Roberts  was  the  engineer 
of  the  Pittsburg  section,  including  the  Grant's  Hill  Tunnel.  Alon»o 
Livennore  was  the  engineer  of  the  middle  section,  including  the 
Conemaugh  Tunnel. 

The  entire  line  of  State  works  was  finally  completed  on  the  10th  of 
December,  1830,  under  Sylvester  Welsh,  who  was  appointed  Chief 
Engineer  in  1829,  and  packet  boats  passed  through  to  Pittsburg. 

It  was  to  provide  for  the  transportation  of  freight  by  way  of  the 
Pennsylvania  Canal  and  the  Allegheny  Portage  Railroad,  without 
breaking  bulk,  that  Canvass  White,  civil  engineer,  suggested  the 
idea  of  building  canal-boats  in  sections,  divided  transversely,  and 
placing  the  sections,  or  boxes,  upon  railroad  trucks  for  the  parage 
over  the  Colimibia  and  Philadelphia  Railroad,  and  over  the  Allegheny 
Mountains.  These  section  boats  came  into  common  use  and  played 
an  important  part  in  canal  and  railway  transportation  between 
Philadelphia  and  Pittsburg.  The  four  sections  of  a  boat,  when  placed 
upon  trucks,  answered  the  same  purpose  as  the  modem  box  car,  and 
were  equally  adapted  to  navigation  on  the  canals  and  to  traction  on 
the  railroads. 

The  theory  was  that  the  State  should  furnish  the  roadway,  and  • 
that  any  one  might  furnish  his  own  vehicle  and  motive  power  and 
use  the  railway  whenever  he  pleased,  by  paying  the  State  tolls.  But 
it  was  soon  discovered  that  a  certain  standard  of  vehicles  was  neces- 
sary, and  rules  as  to  the  use  of  the  railway  were  necessary,  in  order 
to  have  it  successfully  operated.  The  ordinary  shipper  found  that 
he  could  get  his  transportation  done  by  large  and  well-equipped 
shippers  at  less  than  he  could  do  it  himself,  so  that  the  business  of 
transportation  drifted  into  the  hands  of  a  few  individuals  and  com- 
panies, who  performed  this  service  at  fixed  rates. 

Among  the  rules  adopted  by  the  Canal  Commissioners  for  the 
regulation  of  railway  traffic  was  one,  that  no  car  should  carry  a 
greater  load  than  three  tons  on  the  Columbia  and  Philadelphia  Rail- 
road, nor  more  than  three  and  one-half  tons  on  the  Allegheny  Portage 
Railroad,  nor  should  any  car  travel  at  a  greater  speed  over  bridges 
than  five  miles  per  hour,  unless  the  car  bodies  could  be  supported  on 
steel  springs. 

Time  will  not  permit  me  to  enter  into  any  detailed  description  of  the 
works  of  the  Monongahela  Navigation  Company,  incorporated  by  the 
Legislature  on  the  24th  day  of  March,  1817,  and  built  and  operated 
successfully  as  a  slackwater  navigation  until  the  year  1897,  when  the 
United  States  Government  assumed  possession;  nor  of  the  works  of 
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the  Lehigh  Coal  and  Navigation  Company,  which  was  organized  on 
the  13th  of  February,  1822;  nor  of  the  Delaware  and  Hudson  Canal 
Company,  organized  in  1825,  whose  canal,  crossing  the  northeastern 
section  of  the  State,  connected  the  Lackawaxen  River  wdth  the 
Hudson.  The  engineers  and  their  co-workers,  among  whom  were 
Thomas  Baird  of  Pittsburg  on  the  Monongahela,  Josiah  White  and 
Erskine  Hazard  on  the  Lehigh,  and  Maurice  Wurtz  on  the  Lacka- 
waxen, were  pioneers  in  their  work  of  developing  the  mining  of  anthra- 
cite coal  in  the  State  of  Pennsylvania,  and  are  deserving  of  a  place 
in  history. 

I  have  called  your  attention  to  these  early  works  in  Pennsylvania, 
sensible  of  the  fact  that  much  of  what  I  have  \\Titten  has  heretofore 
appeared  in  one  form  or  another,  but  nevertheless  with  the  feeling 
that  many  in  our  circle  of  the  Engineers'  Club  of  Philadelphia  have 
profited  by  the  experience  of  their  designers  in  the  building  of  other 
and  greater  works,  better  adapted  to  the  requirements  of  our  time. 
In  this  we  have  had  the  advantage  of  educational  faciUties,  which 
our  predecessors  did  not  enjoy,  and  the  use  of  appUances  of  which 
they  did  not  dream. 

The  engineer  of  to-day,  who  is  accustomed  to  machinery  of  all 
kinds  for  making  his  work  easy,  such  as  centrifugal  pumps,  air  com- 
pressors, hoisting  engines,  conveyors,  and  to  the  use  of  high  ex- 
plosives ;  whose  work  is  made  accessible  by  multiplied  lines  of  transit 
from  one  part  of  the  country  to  another,  can  appreciate  the  hardships 
which  were  undergone  by  the  early  civil  engineers  of  the  State,  in  a 
region  of  coimtry,  as  described  by  one  of  the  pioneers,  "  clothed  with 
dense  forests,  and  destitute  alike  of  roads,  houses  and  inhabitants, 
where  we  were  compelled  to  give  up  our  tents,  as  pack  horses  formed 
our  only  means  of  conveyance,  and  to  construct  rude  huts  of  hemlock 
bark  and  boughs  to  protect  us  from  the  weather;  while  at  times  our 
only  dependence  for  food  was  upon  the  success  of  the  hunters  accom- 
panying our  corps.'* 

The  greater  number  of  these  men  were  engineers  by  instinct  and 
self-training.    They  had  "the  art  of  directing  the  great  sou  rets  af  I 
power  in  nature  for  the  use  and  convenience  of  man,"  and  theR^fore 
were  capable  of  designing  and  directing  engineering  work  on  a  moderate 
scale,  and  as  far  as  it  was  possible  to  do  so,  while  depending  on  em 
pirical  rules  and  their  own  limited  experience  and  without  moderj 
machinery. 

Viewed  in  this  light,  the  early  works  of  the  State  were  great  workf 
and  it  was  not  until  after  man  had  learned  "  to  manufacture  power, 
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and  modem  machinery  following  the  invention  of  the  steam-engine, 
and  the  locomotive  had  come  into  use,  enabling  the  engineer  to  do 
more  work  and  to  move  greater  weights,  that  the  early  constructions 
were  replaced  by  greater  ones. 

The  first  quarter  of  the  last  century  affords  a  fair  illustration  of 
the  work  of  the  civil  engineer,  dependent,  in  a  large  measure,  upon 
his  own  resources,  in  the  creation  of  lines  of  transportation  to  be 
operated  by  animal  power  alone. 

In  the  second  and  third  quarters  the  mechanical  engineer  added 
steam  machinery,  with  its  multiplied  adjuncts;  in  the  fourth  quarter 
came  the  electrical  engineer;  and  with  these,  and  as  an  aid  to  aU, 
the  discoveries  of  the  chemist,  the  metallurgist,  and  the  scientist 
of  whatever  name,  to  round  out  the  nineteenth  century  of  progress  in 
the  world's  history,  and  to  usher  in  the  twentieth,  which  will  develop 
untold  wonders  in  engineering. 

The  call  is  more  and  more  for  educated  men  in  all  professions,  and 
in  none  more  so  than  our  own.  The  engineer  of  the  future  will  need 
to  be  well  grounded  and  trained  in  the  natural  sciences,  and  full  of 
resources  in  using  them  in  the  execution  of  his  work.  There  will  be, 
as  the  years  go  by,  an  enlarged  field  of  usefulness  for  the  exercise  of  his 
abilities  in  designing  and  constructing,  as  the  now  almost  unknown 
countries  of  the  world  are  opened  up  to  him;  and  Thomas  Tredgold's 
definition  of  civil  engineering  may  have  added  to  it  one  more  word, 
and  may  come  to  be  known  as  "  the  art  of  directing  the  great  sources 
of  power  in  nature  for  the  use  and  convenience  and  comfort  of  man/' 

Let  us  strive  to  keep  it,  with  its  branches  and  specialties,  as  one 
profession,  lofty  in  its  aims,  because  doing  its  best  work  for  the  ad- 
vancement of  civilization  and  the  betterment  of  mankind  the  world 
over. 
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THE  CEMENT  AGE :  THE  MANY  NEW  USES  AND  INCREASING 
DEMAND  FOR  PLASTIC  MATERIALS. 

A  Topical  Discussion,  November  21,  1903. 

R.   W.   LESLEY. 

I  AM  very  glad  of  the  introduction  by  our  worthy  President,  inas- 
much as  he  says  this  is  a  topical  discussion  and  to  be  opened  by 
myself.  I  imderstand  that  I  am  to  say  two  words,  and  the  other 
ninety-eight  are  to  be  said  by  the  other  members  of  this  distinguished 
assemblage;  so  I  trust  I  will  not  take  up  much  time.  The  thought 
that  I  want  to  draw  to  the  attention  of  all  those  present  is  that  this 
is  certainly  the  age  of  the  plastic  material,  and  if  we  go  back  to  history 
it  appears  that  there  was  an  age  of  stone,  an  age  of  copper,  an  age 
of  iron,  and  an  age  of  steel;  that  all  those  materials  were  permanent 
and  fixed  in  their  form  and  in  their  character  and  were  not  susceptible 
of  much  change.  It  seems  almost  a  philosophical  thought  that  in 
this  age,  when  man  changes  and  thought  changes  so  quickly,  the 
material  representing  the  period  is  of  a  plastic  and  flexible  nature. 
Being  interested  in  one  branch  of  this  flexible  or  plastic  material, 
my  thought  was  to  say  a  few  words  about  that,  but  before  doing  it 
I  want  to  call  your  attention  to  the  fact  that  this  is  not  the  only 
important  material  of  this  class.  We  all  remember  in  our  own  time 
the  cobble  stones  that  made  the  paving  of  Philadelphia.  It  was 
impossible  to  go  over  them,  and  when  anybody  was  sick  in  the  house 
it  was  necessary  to  cover  the  streets  with  various  materials  to 
deaden  the  sound,  and  it  was  impossible  to  have  illness  in  the  house 
without  having  the  patient  threatened  with  nervous  prostration  by 
reason  of  the  noise.  All  that  is  changed  by  the  plastic  paving  material. 
The  asphalt  that  goes  on  the  street  is  noiseless  and  reduces  the  ex- 
penditure of  tractive  power  to  a  degree  that  none  of  us  can  realize, 
and  has  increased  the  comfort  of  the  community  to  a  point  that  we 
can  hardly  imagine.  That  is  one  of  the  groups  of  plastic  materials 
that  occupies  a  very  important  field,  but  we  seldom  consider  how 
important  these  materials  are  to  our  comfort  and  how  important  t^ 
our  invalids. 

In  addition  to  this  field  of  plastic  materials,  we  have  the  plaster? 


92         Lesley — Cement  Age:  New  Uses  for  Plastic  Materials, 

an  enonnous  field  that  has  opened  up  in  the  decoration  of  buildings, 
in  making  possible  those  wonderful  expositions  that  are  taking  place 
all  over  the  world.  The  Paris  Exposition,  the  Chicago  Exposition, 
the  Buffalo  Exposition,  the  Charieston  Exposition,  and  the  great 
exposition  that  is  to  take  place  in  Saint  Louis  would  be  almost  ab- 
solutely impossible  without  the  plastic  material  that  is  used  and 
gives  them  a  wonderful  beauty  that  takes  us  back  from  a  period  of 
activity  and  bustle  to  the  days  of  the  ancients,  giving  the  forms  of 
beauty  and  the  spirit  of  antiquity  and  charm.  So  far,  therefore,  in 
the  age  of  the  plastic  material  we  have  the  comfort  and  the  in- 
creased tractive  power  in  the  streets,  and  we  have  the  beauty  and 
the  development  that  come  with  these  great  expositions  all  over 
the  world.  Going  back  to  the  branch  of  the  plastic  materials  that 
I  am  more  intimately  associated  with,  my  purpose  is  to  tell  you  a 
little  about  what  we  are  really  doing  in  cement  and  about  the  many 
new  uses  of  that  material. 

The  growth  of  the  cement  industry  in  the  last  twenty  years  is 
almost  surprising.  It  is  hard  to  believe.  The  increase  in  its  use  can 
be  most  readily  reaUzed  by  considering  some  figures  which  appear  in 
the  "Mineral  Industry"  and  in  other  publications  of  the  Geological 
Survey.  In  1882  we  made  17,000  tons  of  Portland  cement  in  this 
country  and  about  a  milUon  tons  of  natural  cement,  and  we  imported 
about  74,000  tons  of  Portland  cement,  or  a  total  of  a  little  over  one 
million  tons.  In  that  year  the  total  output  of  pig-iron  was  about  five 
million  tons.  The  total  tonnage  of  Portland  cement  in  1902  was  greater 
than  the  total  tonnage  of  pig-iron  in  1882,  the  figures  being  six  millions, 
as  against  five  millions,  and  the  growth  being  from  one  million  barrels 
to  twenty  million  barrels  in  the  twenty  years  between  1882  to  1902, 
as  against  the  growth  of  five  million  tons  to  nineteen  million  tons 
for  pig-iron.  More  marvelous  is  the  growth  in  the  per  capita  con- 
simiption  of  cement  in  the  United  States.  In  connection  with  this 
thought  there  is  the  larger  thought  that  this  country  is  growing  in 
permanent  works,  and  cement  represents  essentially  this  permanent 
growth.  While  iron  and  steel  construction,  in  the  shape  of  bridges 
and  buildings,  is  always  a  factor  of  doubt  by  rust  disintegration,  and, 
as  we  all  know,  Jn  the  case  of  pipes  and  conduits,  always  a  diminishing 
quantity  in  their  carrying  capacity,  cement  is  always  a  plus  factor 
in  its  growth,  as  it  tends  to  gain  in  strength  for  periods  up  to  ten, 
twenty,  and  thirty  years;  and  no  man  has  yet  tested  for  a  longer 
period  without  showing  always  a  plus  factor.     Therefore,  when  we 
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state  what  this  country  consumes  per  capita  it  means  that  the  coimtry 
is  no  longer  young,  but  is  becoming  old,  and  that  we  are  building 
bridges,  pavements,  streets,  and  sewers  all  of  concrete  character, 
to  endure  for  all  time,  discarding  the  flimsy  timber  construction  of 
the  past.  In  1850,  when  this  country  was  in  its  eariy  days,  every 
citizen  took  home  with  him  from  market  at  the  end  of  the  year  a 
little  over  six  pounds  of  cement.  Along  in  1860,  just  before  the 
opening  of  the  Civil  War,  we  were  struggling  along  with  about  ten 
pounds.  In  1870,  after  the  war,  we  carried  home  twelve  poimds  of 
cement  in  the  market  basket.  In  1880  we  had  gone  through  the  panic 
of  the  Northern  Pacific  and  did  not  increase  very  much — only  thirteen 
pounds.  In  1890  it  took  thirteen  pounds  of  cement  to  carry  the 
family  through  for  the  year.  In  1890,  after  going  through  the  panic 
and  again  re-establishing  financial  conditions,  the  people  wanting 
permanent  improvements,  we  required  nearly  thirty-four  pounds  of 
cement  per  inhabitant  in  the  United  States.  In  1900  the  figure  had 
increased  to  ninety-one  pounds;  and  in  1902,  from  the  latest  estimate 
of  the  population,  it  takes  119  pounds  for  every  inhabitant  of  the 
United  States,  or  about  a  third  of  a  barrel  to  get  along  during  the 
course  of  the  year.  These  figures  simply  show  that  this  country  is 
developing  in  permanent  improvements  and  structures.  Taking  the 
figures  of  growth  from  the  period  of  1894  to  1902,  the  consumption 
and  growth  show  that  this  industr}^  has  increased  2600  per  cent,  in 
less  than  eight  years.  During  the  same  period,  for  purposes  of  com- 
parison, pig-iron  shows  an  increase  of  ninety  per  cent.  These  figures 
are  almost  surprising,  and  I  will  be  frank  to  say  were  surprising  to 
me  when  first  produced,  and  I  speak  from  pretty  long  experience  in 
this  industry.  The  total  consumption  in  1902  of  all  kinds  of  cement, 
natural  and  Portland,  runs  close  up  to  30  millions  of  barrels.  That 
was  a  pretty  good  year  in  1902,  and  the  Cement  Manufacturers' 
Association,  of  which  I  am  the  proud  President,  has  come  to  the 
conclusion  that  perhaps  we  manufacture  more  material  Ui;]ii  tiie 
market  is  going  to  take;  therefore  we  looked  around  to  ,sint  \v 
outlet  all  this  cement  that  we  were  making  was  going  to  lind 
going  over  this  question,  for  my  own  satisfaction,  I  ha\(  in\ 
niunber  of  interesting  points  that  I  want  to  bring  before  yon  tu- 
The  situation  is  a  little  like  this:  here  is  a  great  indusin'  Uia 
grown  by  leaps  and  bounds — almost  beyond  the  conception  of 
I  find  we  have  had  strikes  in  the  building  trades,  and  ^^e  h^v* 
all  kinds  of  troubles  where  people  have  agreed  to  buy  cffTn^nl 
have  not  taken  it,  and  we  want  to  look  for  as  many  new  use?*  iind  m. 
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to  take  this  great  product  as  we  can  find.  When  that  subject  was  brought 
before  me,  I  took  a  great  deal  of  trouble  to  go  over  all  possible  fields  in 
which  cement  can  be  used,  and  I  want  to  say  that  there  is  hardly  a 
field  between  the  baptism  and  the  grave  where  some  of  us  do  not  use 
cement. 

In  1896  I  went  to  Europe  to  make  a  study  of  the  methods  of  con- 
struction used  there,  and  I  found  that  there  were  four  or  five  different 
companies  in  France  which  were  constructing  large  buildings  of  con- 
crete, including  the  carrying  members,  the  floors,  etc. ;  and  by  the 
addition  of  small  bits  of  iron  in  the  shape  of  rods  of  various  designs, 
they  were  doing  with  cement  what  our  iron  and  steel  people  were 
doing  in  this  country  with  iron  and  steel.  That  seemed  to  offer 
quite  a  field,  and  I  went  over  there  and  met  these  people  and  studied 
their  methods.  Without  taking  up  your  time  explaining  how  the 
new  use  of  cement  in  this  field  alone  has  grown,  I  might  mention  that 
there  are  at  least  thirty  different  forms  of  construction  for  large 
cement  buildings,  as  given  in  the  following  list : 


ARMORED  CONCRETE, 

Namb. 

MoDier 

Rabits Thio   wlrw  Interlaced  lo  xigzag 

form. 

Kornen 

DoDatta Wire  netting  is  suspended  under 

carrying  and  distributing  rods. 

MQller Somewhat  similar  to  above. 

Lilien thai.... Wooden  beams  are  covered  with 
waterproof  paper,  then  wire 
netting  on  which  mortar  is 
deposited. 

Stolte Band  iron  imbedded  in  lower  part 

of  tiles. 

Habrich Twisted  steel  bars,  but  no  dis- 
tributing rods. 

WQnsch Light  T-irons  as  carrying   rods, 

but  no  distributing  rods. 

Wilson    Curved  armatures. 

Bramick Used  where  it  is  required  to  sup- 
port pipes  in  a  floor 

Expanded 

Metal Sheet  steel  is  slit  open  and  then 

drawn  sideways. 

Columbian 
Fireproof  ..Ribbed    bars   are   introduced    as 
strengthening  members. 

Roebling A  series  of  flat  bars  is  introduced 

and  set  on  edge. 

Scbillinger  ..  .Combination  of  chains. 

Weber Introduces  a  metal  clamp,  fasten- 
ing together  the  carrying  and 
distributing  members. 


REINFORCED  SYSTEM. 
Name. 
Henneblgue. 


Golding.... 
Bordenave  . 


Bouna  .. 
Chaasin. 


Oiros  and 
Looheurs 


.Reinforcing  rods  provided  with 

stirrups,  the  other  rods  beiog 

bent  in  a  truss  form. 
.Arched  beams. 
.Application  of  ferro-ooncrete  for 

water-pipes. 
.Cr<M8  form  for  armature. 
.Onnbines  Monier,  Bordenaye,  and 

Bouna  systems. 


Pipes  in  short  lengths,  Tarying  th« 
rise  of  the  spirals  or  lattices  used 
for  carrying  rods  with  the  pres- 
sure head  encountered. 

Visintini  — Constructs  floors  of  tiles  in  form 
of  lattice  trusses  or  girders,  in 
which  top  and  bottom  chorda 
are  built  of  mortar. 

Ferroinclave.. Corrugated  sheets  bent  back  oo 
themselves. 

Siegwart Square  hollow  beams,  located  at  top 

and  bottom  chords,  top  and  bot' 
tom  plates  having  no  armature. 

Melber Consists  in  locating  the  armature. 

Ransome Twisted  square  bars  for  carrying 

rods. 

De  Valliere  . . 

Thatcher 


Hyate. 


Fortifies  strengthening  bars  by 
rivets  with  cupped  edges  placed 
at  intervals. 

Horizontal  steel  bars  on  edge, 
pierced  by  round  Iron  rods. 
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Each  of  these  systems  supplies  business  for  a  separate  company, 
each  doing  work  in  the  building  of  lai^ge  structures,  such  as  houses, 
mills,  factories,  and  other  buildings  up  to  eight  and  ten  stories,  out 
of  this  material,  which  six  years  ago  nobody  thought  was  adapted 
to  any  purpose  other  than  the  building  of  bridges,  sewers,  and  works 
of  a  lower  level.  It  is  needless  to  take  up  your  time  explaining  how 
these  processes  are  differentiated.  Some  of  them  involve  very  little 
the  use  of  beams;  in  some  the  f  section  is  largely  used,  and  in  others 
chains  or  rib  bars  are  employed,  as  is  also  expanded  metal,  through 
which  the  cement  is  forced  on  the  inner  side ;  and  every  one  of  these 
different  systems  has  its  organization,  with  its  officers  seeking  business, 
and  all  using  iron  or  steel  in  connection  with  cement. 

I  hope  when  this  topical  discussion  is  started  that  each  of  you  will 
give  me  a  new  use  and  find  some  more  purposes  to  which  this  new 
material  can  be  placed;  but  in  order  to  describe  some  of  these  uses 
I  went  over  all  the  different  advertisements,  and  all  the  different 
pamphlets,  and  all  the  different  things  I  had  heard,  and  I  divided 
its  uses  into  a  number  of  different  subjects,  all  of  which  you  are 
familiar  with.  Considering  railroads  alone:  The  railroad  cannot  get 
along  without  cement;  that  is  assured.  They  used  to  try  bricks, 
iron,  sand,  and  other  materials,  but  when  they  came  to  building 
these  big  railroads  they  could  not  get  along  without  cement.  A  few 
railroad  stations  are  being  built  of  concrete,  and  as  wood  is  getting 
scarce  the  same  material  is  being  used  for  ties  on  some  of  the  Western 
railroads.  They  use  cement  floors  in  their  stations  because  they 
find  it  is  the  only  thing  that  stands  the  tramp,  tramp,  tramp,  of  the 
passengers;  cement  gutters;  cement  curb  walks,  cement  retaining 
walls,  cement  roimd-houses,  cement  mile-posts.  The  agriculturalist 
has  cement  fence-posts,  concrete  bins  for  grain,  concrete  floors, 
troughs,  reservoirs,  and  walls.  Concrete  is  used  for  factory  buildings 
which  are  on  concrete  foundations,  and  they  have  concrete  pillars, 
when  necessary  to  support  the  foimdations.  It  is  needless  to  state 
that  when  you  come  to  a  great  city  like  ours  you  necessarily  meet 
this  material.  You  see  cement  sidewalks  in  front  of  the  buildings. 
The  sewers,  gutters,  and  curbs  are  of  concrete.  You  know  you  have 
concrete  bridges  all  over  the  city;  reservoirs  made  of  concrete;  water- 
towers  and  water-pipes  of  the  same  material;  large  skyscrapers  eight 
and  ten  stories  high  all  made  of  cement  and  concrete.  In  moderr 
warfare  our  ships  are  lined  with  concrete  to  prevent  them  from  sinkini 
when  the  steel  shell  is  pierced.  A  vessel  coming  up  in  a  flood  h 
the  Delaware  some  years  ago  had  its  steel  hull  all  cut  to  pieces,  bu 
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good  Portland  cement  concrete  under  the  flimsy  steel,  landed  the 
vessel  safely  in  port.  Even  to  meet  the  storms  of  the  sea,  the  waves 
and  the  dashing  of  the  element,  when  you  come  to  build  a  lighthouse 
it  is  built  of  cement.  When  you  come  to  build  a  sea  wall,  it  is  built 
of  cement.  In  Chicago,  to  prevent  the  encroachments  of  the  Lake 
they  went  so  far  as  to  make  a  concrete  beach  slope  down,  so  that  the 
waves  would  dash  upon  it  and  it  would  remain  for  all  time.  In 
mining,  the  timbers  are  being  displaced  by  concrete  piere.  In  the 
lining  of  petroleum  wells  concrete  is  used,  and  also  in  coal-mines. 
I  have  already  spoken  of  the  ornamental  uses  of  cement,  but  I  did 
not  have  sUdes  prepared  to  show  them.  By  a  most  ingenious  scheme 
of  pouring  cement  into  damp  sand,  in  a  method  analogous  to  the 
making  of  cast-iron,  the  most  beautiful  effects  in  sculpture  are  pro- 
duced in  concrete,  and  Mr.  Mercer  at  Doylestown,  is  now  reproducing 
garden  works  and  the  statuary  of  Rome  and  Greece  in  the  colors, 
form,  and  outline  of  this  material,  colored  in  the  most  beautiful  way 
and  giving  the  most  artistic  effects  and  at  an  expenditure  absolutely 
insignificant  as  compared  with  stone;  so  that  without  going  into 
any  definite  description  of  all  these  many  uses,  some  100  or  150  in 
niunber,  that  I  have  assembled  here,  for  all  of  which  I  have  a  descrip- 
tion and  for  all  of  which  I  could  give  you  the  details,  I  only  want 
to  say  in  opening  this  discussion  that  this  material  has  numbers  of 
uses  that  I  doubt  if  any  of  us  here  were  ever  familiar  with  until  brought 
suddenly  face  to  face  with  them. 


Railroads. 
Concrete  Arches. 
"         Bridges. 
**        Subways. 

Railway       Sta- 
tions. 
"        Ties. 

"        Telegraph  Poles. 
"        Tunnels. 
"        Telephone  Con- 
duits. 
Curb  Walks. 
'*        Retaining  Walls 
**        Girders. 
Cement  Floors. 
"       Gutters. 
"       Round-hoases. 
"       Butts    for    tele- 
"  graph  poles. 

"       Clinker  Pits. 
'*       Transfer  Pits. 
''       Turn-tables. 
"       Culverts. 


USES  OF  CEMENT. 
Farming. 
Cement  Fence-posts. 
"      Vine  props. 
Concrete  Bins. 
"        Troughs. 
"         Pig-pens. 
"         Hitcning-posts. 
"         Floors  for  Stalls. 
"        Reser\'oirs. 
"        Sluices,  as  pro- 
tection against 
freshets. 
Cement  flumes  for  irriga- 
tion. 
"       Joints  in  drains. 


Factories. 
Concrete  Buildings. 

"        Piles    for    sup>- 

port. 
"        Hopper  Bins. 
"        Boiler  Settings. 
Cement  Pipe  Coatings. 
"       Gas  Purifiers. 
"      Coating  in  Vaults 

of  Breweries. 
"       Storage  Bins. 
*'       Chimney  Stacks. 
"       Reser\'oirs. 
"       Storage  Tanks. 
''      Cellars. 
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USES  OF  CE^iEl^T— {Continued), 


Dwellings. 
Hollow    Block    and    poured    cement 

houses. 
Cement  Floors. 

"      Terraces. 

"      Stairways. 

"      Ornamentation. 

"       Roofs. 
Cementine  Curtains. 
Cement  Storage  Vaults. 

"       Laboratories. 

"       and  sawdust  Tiles. 

"      Table-tops. 

"      Paint  (for  corrosion). 


MuinciPAL. 
Cement  Sidewalks. 

"       Sewers. 

**      Bulkheads  for  Dams. 

"       Locks. 

"      Canals. 
Combined  curb  and  gutter. 
Cement  Dams. 

Concrete  Bridges,  Aqueducts,  and  Jet- 
ties. 
Flags. 

**        Filters  and  Reservoirs. 

"        Water  Towers. 

"        Fence-posts  and  Conduits. 

"        Joints. 

"        Crevice^filler. 

"        Pipes  for  Water-main. 
Cement  Cable-canal. 
Foundation  for  Streets. 


Buildings. 
Churches. 
Show  Buildings. 
Jail  Corridors. 
Skyscrapers. 
Cement  Vaulting. 
Grain  Elevators. 
Banks. 


RFX:R  RATION. 

Grand  Stand  (Base-ball 
Park,  Cin    O.). 

Fraternity  House  (Yale). 

Foundation  for  Bowling- 
alleys. 

Tennis-courts. 

Speedways. 

Racket-courts. 

Swimming-pools. 


Mining. 
Mine  Timbers. 

Cementing  of  Petroleum  Wells. 
Cement  in  Salt-mines. 
Cement  Coal. 
Bricks. 


Marine. 

Ballast-tanks  in  War- 
ships. 

Quicksands. 

Lighthouses  and  Sea- 
walls. 

Concrete  Beaches. 

Docks  and  Piers. 

Breakwaters. 

Forts  and  Batteries. 

Gun  Emplacements. 

Xaval  Stations.         . 

Boats,  in  which  planks 
are  made  of  armored 
concrete. 


Ornamrntal. 
Tombstones. 

Burial  Vaults  and  Caskets. 
Ware  products. 
Panels,  Brackets,  Keys. 
Columns. 
Capitals. 

Pilasters,  Moulding,  Veneering. 
Fountains. 
Sun-dials. 
Street  Monuments,  Statuary. 


It  is  certainly  an  age  of  plastic  material,  of  this  permanent,  ejidiiriiif 
constantly  gaining  material,  a  material  that  is  adapted  to  artiii' 
work  and  to  work  of  the  simplest  character — a  material  that,  c 
be  used  in  the  most  decorative  way,  and  a  material  that  can  be  ui 
in  the  strongest  and  most  substantial  structures.  In  opening  I 
discussion  to-night  I  have  only  outlined  in  a  very  brief  way  th|j 
numberless  purposes,  and  no  doubt  out  of  the  opening  of  thii 
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cussion,  the  very  few  uses  that  I  have  suggested  and  the  very  few- 
uses  that  I  have  been  able  to  gather,  the  details  of  which  I  have  here 
but  do  not  want  to  take  up  your  time  to  discuss,  will  elicit  from  the 
members  of  this  society  thoughts  and  ideas  extending  beyond  any 
that  have  hitherto  been  expressed.  As  I  have  already  said,  cement 
is  one  of  those  substances  to  whose  uses  we  have  suddenly  awakened, 
and  these  new  uses  are  coming  before  us  at  every  turn. 

GENERAL  DISCUSSION. 

The  President. — I  think  we  shall  be  forced  to  admit,  aftet  hearing  the  many 
new  uses,  mentioned  by  Mr.  Lesley,  to  which  cement  and  concrete  are  put,  that 
this  is,  indeed,  the  cement  age.  I  hope  that  among  our  members  there  will 
be  a  free  discussion  of  this  topic,  and  that  Mr.  Lesley  may  be  so  fortunate  as  to 
have  mentioned  to  him  a  few  more  uses  for  cement.  He  may  not  have  exhausted 
the  list. 

Henry  Lbftmann. — The  list  of  plastic  materials  might  be  increased  by  the 
addition  of  rubber,  which  has  entered  very  largely  into  certain  phases  of  modem 
life.  I  did  not  notice  that  Mr.  Lesley  referred  to  tombstones;  there  is  a  deznazid 
for  these,  and  a  very  excellent  article  might  be  made  with  cement.  It  also 
occurs  to  me  that  a  large  demand  for  concrete  will  probably  arise  in  connection 
with  the  construction  of  the  Panama  Canal,  but  I  do  not  know  the  details  of 
the  engineering  work.  Something  pretty  strong,  stout,  and  heavy  will  be  wanted. 
Our  knowledge  of  the  population  of  that  region  leads  us  to  suspect  that  they 
may  not  be  very  friendly,  and  something  diflBcult  to  deal  with  should  be  used. 
If  the  development  in  transportation  methods  in  cities  goes  on  very  rapidly 
in  the  direction  in  which  it  seems  to  be  going  now,  it  will  not  be  long  before 
asphalt  paving  will  disappear  and  concrete  paving  take  its  place.  My  notion 
of  the  ideal  city  is  one  into  which  no  horse  would  ever  come,  all  the  street  traffic 
being  conducted  by  motor  vehicles.  Under  these  conditions  we  would  not  need 
a  railway  in  the  street ;  the  car  would  simply  run  along  the  smooth  siuf aoe  c^ 
concrete.  The  footwalk  would  be  a  line  of  different  level,  but  the  material 
would  be  but  little  subject  to  wear,  and  traflSc  would  be  very  satisfactory.  I 
anticipate,  therefore,  that  in  the  horseless  age  the  demand  for  concrete  will  be 
much  increased,  and  that  for  asphalt  very  much  diminished. 

James  Christie. — The  company  which  I  represent  has  been  using  concrete 
extensively  for  several  years,  as  a  substitute  for  brick  in  the  walls  of  iron  frame 
buildings,  and  latterly  have  been  applying  it  for  floors  with  steel  reinforcement. 
For  the  walls  of  buildings,  it  suits  admirably  as  a  diagonal  bracing,  and  con- 
nection fittings,  which  interfere  with  the  use  of  brick,  act  as  an  excellent  rein- 
forcement for  the  concrete.  Some  time  ago.  feeling  the  need  of  more  definite 
information  regarding  the  strength  and  general  resistance  of  varioxis  mixtures 
of  concrete,  we  inaugurated  a  series  of  experiments  on  concrete  beams.  We 
adopted  a  standard  specimen,  sLx  inches  square  and  thirty  inches  long.  These 
were  tested  transversely,  with  the  load  central  between  supports  twenty-four 
inches  apart.  The  experiments  covered  an  interval  of  about  one  year,  and 
included  a  variety  of  mixtures  and  proportions,  using  both  natural  and  Port- 
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land  cements.     A  summary  of  these  tests  is  embraced  in  a  paper  and  tables  by 
Mr.  A.  P.  Hume. 

A.  P.  Hume  (Communicated). — A  brief  account  of  some  tests,  with  which  I 
was  concerned,  on  the  strength  and  fire-resisting  qualities  of  concretes,  may  be 
of  interest,  in  connection  with  the  question  imder  discussion. 


A  transverse  static  test  was  made  with  the  primary  object  of  comparing  the 
strengths  of  various  concrete  mixtures  of  a  Portland  and  a  natural  cement 
each  of  which  was  being  quite  extensively  used.  Concretes  of  blast-furnace  slag 
and  clean  river-sand,  with  each  of  the  two  cements,  were  made  into  test  blocks 
6  inches  by  6  inches  by  30  inches ;  which  were  removed  from  the  moulds  forty- 
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eight  hours  after  mixing  and  allowed  to  dry  in  the  air  until  of  proper  age  for 
testing.  They  were  then  tested  on  half-round  supports,  with  a  central  load 
applied  across  the  whole  width.  It  was  found  that  after  an  age  of  six  weeks,  the 
ends  of  the  blocks  broken  in  test  were  uninjured,  and  these  were,  thereafter,  care- 
f  uUy  dressed  into  6-inch  cubes  and  tested  for  compressive  strength.  The  propor- 
tions of  the  various  mixtures  and  results  obtained  from  tests  are  shown  on  page 
99.  Figures  1  and  2  show  ciu^es  plotted  from  these  results,  each  value  being 
the  average  of  results  obtained  from  two  to  foiw  similar  blocks. 

The  most  noticeable  peculiarity  in  the  curves  for  transverse  static  strength 
is  the  marked  decrease  in  strength  of  the  natural  cement  concretes  at  early 
ages.  As  the  points  on  each  of  these  two  curves  that  fall  below  the  strengths 
at  one  week  are  based  on  tests  on  nine  separate  blocks,  making  eighteen  blocks 
in  all,  showing  decreased  strength,  the  fact  seems  well  establbhed  that  an  actual 
loss  of  strength  occurred.  It  was  obser\'ed  at  the  time  of  testing  that  the  natural 
cement  concretes,  one  week  old,  did  not  break  as  readily  in  handling  as  similar 
blocks  a  few  weeks  older. 


Mixture,  Pabts  by 

VOLUMR. 


Ce- 
ment. 


Siind. 


SiM. 


d5 


Trbatmbnt. 


I 


Tempera- 
lure  to 
which 

Heated. 


Manner  of 
Cooling. 


I  Not  heated. 


1000^ 
1000' 


In  air. 
Quenched. 


Not  heated. 


1400°  F. 
1400°  F. 
1500°  F. 


In  air. 
Quenched. 
Quenched. 


Not  heated. 
1500°  F.  I   In  ah-. 
1500°  F.  I  Quenched. 


Not  heated. 
1600°  F. 
1600°  F. 


In  air. 
Quenched. 


COUPRRSSrVK 
8TRBNUTH 

(pouhds  per 
Square  Foot). 


Drcreasb  in 

Strknoth 
(Per  Cent.). 


168,600 

145,200 
135,800 


180,500 

141,500 

115.600 

81,000 


208,700 

137,600 

95,460 


92,600 
77,500 
55,300 


13.8 
19.4 


21.6 
35.8 
55.0 


24.0 
54.1 


18.8 
40.3 


The  decrease  in  strength  of  the  Portland  cement  mixtures  cannot  be  regarded 
as  being  as  positively  established  as  that  for  the  natural  cement  mixtures,  since 
the  points  for  the  thirtieth  and  fifty-seventh  weeks  are  based  on  only  two  blocks 
in  each  case.  In  view  of  the  comparatively  few  individual  tests  determining 
this  decrease,  it  may  in  part  be  due  to  the  same  causes  producing  the  well-known 
marked  difiFerences  in  tests  of  briquettes,  though  prepared  from  the  same  cemenf 
and  imder  apparently  identical  conditions.  A  imiform  approach  of  the  natura 
cement  mixtiures  to  the  strength  of  the  Portland  concretes  La  clearly  indicated 
and  whether  or  not  an  actual  equality  is  eventually  reached,  it  seems  clear  thai 
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the  latter  is  better  fitted  for  operations  in  which  it  b  necessary  to  load  the  con- 
crete constructions  within  a  short  time  of  laying. 

For  experiments  on  the  fire-resisting  qualities  of  concrete,  6-inch  and  8-inch 
cubes  were  prepared  from  a  Portland  cement  mixed  in  the  same  manner  as  for 
the  above-mentioned  transverse  static  test.  These  were  placed  in  a  furnace 
and  completely  surroimded  with  flame  for  periods  varying  from  one-half  to  one 
hour,  or  until  imiformly  heated  throughout.  When  at  the  desired  temperatures, 
as  shown  by  an  electric  p3rrometer,  they  were  removed,  some  being  allowed  to 
cool  in  the  air,  and  the  others  being  thoroughly  wetted  or  quenched  by  a  stream 
of  water  from  a  hose.  The  table  on  page  101  gives  data  obtained  from  the 
compressive  test  of  these  blocks : 

A  marked  decrease  in  compressive  strength  occurred,  being  greater,  the  higher 
the  temperature,  and  blocks  drenched  with  water  while  hot  show  a  still  greater 
decrease.  All  of  the  blocks,  after  removal  from  the  furnace  and  after  quenching, 
retained  their  original  forms,  but  were  evidently  less  coherent  than  before,  and 
comers  and  edges  could  be  easily  broken  off  with  the  fingers,  more  so  with  the 
quenched  than  with  the  air-cooled  blocks.  A  few  minute  cracks  could  be  de- 
tected, on  close  examination,  in  the  more  highly  heated  cases.  It  was  notice- 
able that  fragments  from  the  compressive  tests  on  quenched  blocks  were  more 
readily  pulverized  than  those  from  air-cooled  blocks. 

Experiments  were  made  on  briquettes  of  various  Portland  cements  and  one 
natural  cement,  both  neat  and  1  to  1  mixtiu'es,  prepared  in  the  standard  manner. 
One-half  of  each  briquette  was  heated  to  a  temperature  of  1600**  F.  and  the  other 
half  preserved  in  its  natural  state.  The  considerable  loss  in  compressive  strength 
that  occurred  upon  heating  is  shown  below,  though  since  each  value  is  the  result 
of  only  one  test,  no  positive  conclusions  can  be  drawn  as  to  the  relative  heat- 
resisting  qualities  of  the  various  brands : 


Kind  oir 
Cement. 

Composition. 

pressive 
rehgth 

HEATED 
JND8   PER 
RE  INCII). 

RBASB  IN 
RENOTH 
llEATINO 

t  Cent.). 

k.  H  le 

ill 

I'^ii 

Com 

St 

APTKl 

(Poi 
Squa 

Dec 

St 

FROM 

(Pei 

"S^ 

Portland  A.. 

Neat. 

10,280 

6,490 

36.9 

13 

Natural     B.. 

Neat. 

4,490 

1,460 

67.5 

20 

Portland  C. 

Neat. 

10,630 

3,360 

68.4 

20 

Portland  D.. 

Neat. 

3,260 

1,410 

56.8 

9 

Portland  E.. 

Cement  1,  sand  1. 

6,080 

1,850 

69.6 

20 

Portland  D.. 

Cement  1,  sand  1. 

1,270 

254 

80.0 

7 

Portland  A.. 

Cement  1,  sand  1. 

3,600 

1,950 

45.8 

12 

Portland  C. 

Cement  1,  sand  1. 

1,110 

550 

50.8 

8 

Portland  F.. 

Cement  1,  sand  1. 

1,060 

590 

44.3 

7 

£}xperiment8  were  also  conducted  on  a  form  of  roofing  tile,  made  of  sand, 
gravel,  and  Portland  cement  concrete.  It  was  about  26  inches  by  48  inches 
in  length  and  breadth  and  }  of  an  inch  in  thickness,  with  a  sheet  of  expended 
metal  imbedded  near  its  under  surface.  One  of  these  tiles  was  heated  over 
a  fire  with  a  temperature  of  from  1600^  to  1800^  F.  for  an  hour,  and  was  then 
thoroughly  drenched  on  its  upper  surface  with  water.    In  spite  of  the  hot  fire 
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underneath,  radiation  from  the  upper  surface  was  so  effective  that  this  surface 
did  not  rise  above  800°  or  1000°  F. 

A  comparison  of  the  concentrated  loads  carried  by  two  similar  tiles,  one 
heated  as  described,  and  one  in  its  natural  state,  is  shown  in  the  following  table : 


Umheated  Tile. 

Heated  Tile. 

Load  (PouDcU). 

Deflection  (Inched). 

Loftd 

(Pounds). 

DefleoUon  (Inches). 

106 

.020 

79 

.063 

206 

.075 

104 

.156 

306 

.136 

129 

.219 

406 

.223 

154 

.438 

506 

.405 

179 

.594 

636 

Broke. 

244 

Broke. 

The  tiles  were  supported  for  test  on  knife-edges,  and  the  concentrated 
central  load  applied  over  the  whole  width.  About  60  per  cent,  of  its  strength 
was  lost  owing  to  being  heated. 

James  Christie. — So  far  as  observed,  there  is  no  limit  to  the  gradual  and 
constant  increase  in  the  strength  of  the  concrete  made  with  natural  cement. 
On  the  other  hand,  a  fall  of  strength,  after  a  certain  period,  is  denoted  for  the 
concrete  made  with  Portland  cement.  It  may  be  that  the  number  of  aged 
specimens  of  the  latter  material  were  too  few  to  draw  any  fixed  conclusion 
from.  Attention  is  also  directed  to  the  invariable  drop  in  the  natural  cement 
concrete  at  an  early  period  of  its  age,  this  loss,  however,  being  always  fully 
restored.  The  loss  in  strength  by  exposure  to  high  temperature  confirms  the 
results  obtained  from  other  experin^nts. 

Richard  L.  Humphrey. — I  would  state,  Mr.  President,  in  explanation  of  the 
behavior  of  the  natural  cements  as  indicated  in  the  diagrams  shown  by  Mr. 
Christie,  that  there  seems  to  be  no  law  governing  the  hardening  of  cements 
when  preserved  in  air.  This  seems  to  be  particularly  true  of  natural  cements. 
This  class  of  material  acquires  hardness  very  slowly.  There  seems  to  be  an 
incomplete  formation  of  compounds  of  lime,  and  the  silicates  of  lime  crystal- 
lize much  more  slowly  in  the  natural  cement.  In  Portland  cements,  on  the 
contrary,  the  proportioning  of  the  ingredients  is  much  more  careful,  the  burning 
is  more  thorough,  the  resulting  combinations  of  the  lime,  silica,  and  alumina 
are  more  complete,  and  the  extremely  fine  pulverization  of  the  clinker  con- 
siderably accelerates  the  formation  of  the  silicates  and  aluminates  of  lime. 

The  characteristics  of  these  two  classes  of  cement,  when  te^ri-  i  ^^  ith   tit' 
tares  of  sand  and  stone  in  compression,  are  a  very  slow  development  of  sir* 
in  the  case  of  the  natural  cement,  and  a  more  rapid  growth  in  the  case  of 
land  cement;   natural  cement  during  the  early  stages  of  hardeninj?  posi 
a  very  low  strength  up  to  six  or  more  months.     I  think,  thereft>re,  ti 
drop  in  the  curves  in  the  diagrams  exhibited  by  Mr.  Christie  nr^*  jiecii 
and  due,  probably,  to  an  insufficient  number  of  test  specimens.     11  tore 
be  no  reason  for  the  phenomena  of  this  character.     The  mere  'Iryitiij^ 
the  test  specimens  would  not  cause  a  loss  of  strength,  but  would  rnenily 
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the  rate  of  increase  in  the  hardening.     Lack  of  uniformity  in  mixing  and  mould* 
ing  these  specimens  is  probably  the  correct  explanation  of  this  drop. 

The  fact  that  Portland  cement  acquires  strength  much  more  quickly  than 
natural  cement  is  one  of  the  reasons  why  it  is  preferred  in  engineering  construc- 
tion, because,  as  a  rule,  it  is  necessary  to  place  the  maximum  load  on  the  struc- 
ture within  a  short  time  after  the  cement  is  used,  a  period  entirely  insufficient 
for  natural  cement  to  develop  sufficient  strength.  Natural  cement  mortazv 
and  concretes,  after  one  or  more  years,  develop  considerable  strength  and 
make  a  tougher  material  than  Portland  cement.  Laboratory  and  mortar- 
box  tests  of  natural  and  Portland  cement  mortars  show  that  while  the  natural 
cements  have  much  lower  strength  than  Portland  cements,  during  the  first 
year,  nevertheless,  at  the  end  of  that  period,  they  begin  to  increase  rapidly, 
and  after  several  years  the  tests  often  show  the  natural  cement  mortars  stronger 
than  the  Portland  cement  mortars. 

There  is,  however,  a  period  in  the  hardening  of  both  of  these  classes  of  cement 
when  there  is  an  apparent  retrogression.  In  Portland  cement  this  occurs  after 
one  or  more  months.  In  natural  cements  it  rarely  occurs  before  several  yeans. 
The  explanation  of  this  phenomenon,  I  think,  is  that  the  hardened  material 
is  a  crystalline  substance.  When  water  is  added  to  the  cement,  the  mass  is 
in  an  amorphous  condition.  From  this  amorphous  mass  the  crystals  form 
and  the  mass  acquires  hardness.  With  the  increase  in  this  crystallisation 
the  material  ceases  to  be  tough  and  becomes  brittle,  and  eventually  reaches 
a  period  when  the  tensile  strength  shows  a  falling-oflf.  The  material,  hoir- 
ever,  has  been  steadily  increasing  in  compressive  strength,  and,  in  my  exper- 
ience, I  have  never  obser%'ed  the  phenomena  shown  in  the  diagrams  of  Mr. 
Christie,  where  cements,  either  natural  or  Portland,  exhibited  a  falling-ofif  in 
compressive  strength  within  the  first  year  of  their  hardening,  and  it  seems  to 
me  that  this  must  be  ascribed  to  the  faulty  manipulation  of  the  test  specimens 
rather  than  to  the  characteristic  behavior  of  the  cement. 

When  cements  reach  the  highly  crystalline  state  to  which  I  have  just  referred, 
they  become  practically  stone,  and  should  be  submitted  to  those  tests  that  are 
customarily  applied  to  stone. 

The  tensile  tests,  which  we  use  as  a  basis  for  the  acceptance  or  rejection 
of  shipments  of  cement,  are  not  indicative  of  the  strength  of  the  material.  They 
are  merely  gauges  by  which  to  compare  the  quality  of  each  shipment. 

The  requirements  of  specifications  for  cement  have  undergone  a  change, 
in  the  last  few  years,  which  is  almost  parallel  to  that  of  steel.  When  steel 
was  first  used  in  this  country,  the  requirements  of  specifications  rapidly  in- 
creased until  a  high-carbon  steel  of  high  tensile  strength  was  obtained.  This 
was  found  to  be  too  hard  and  brittle  for  good  service,  and  the  sentiment  changed 
to  a  lower-carbon  softer  steel,  having  greater  elasticity  and  a  lower  tensile 
strength.  So  it  has  been  with  Portland  cements.  The  demand  for  great 
strengths  at  the  seven  and  twenty-eight  day  periods  is  rapidly  disappearing, 
engineers  preferring  a  cement  that  develops  a  moderate  tensile  strength  for 
seven  and  twenty-eight  days  and  shows  a  progressive  hardening. 

In  1892,  when  I  first  began  to  test  cement,  we  were  using  almost  exclusively 
Portland  cements  made  in  set  kilns.  The  burning  could  not  be  carried  on  to 
the  same  degree  of  temperature,  nor  be  as  thorough  as  is  the  case  with  the 
modem  rotary  kiln,  and  a  class  of  cements  resulted  which  developed  (neat) 
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hardly  more  than  460  to  500  pounds  in  seven  days,  but  which  showed  a  pro- 
gressive increase  in  strength  up  to  five  or  more  years.  After  this  period  they 
became  quite  brittle  and  showed  the  characteristic  falling-off  in  tensUe  strength. 
This  was  true  not  only  of  foreign,  but  of  domestic  cements. 

The  extremely  fine-ground  product  of  the  rotary  kiln  is  characteristically 
quick-hardening,  and  unless  the  cement  be  of  very  inferior  quality,  it  rarely 
tests  under  600  pounds  in  seven  days.  The  crystallization  in  this  material 
is  rapid,  and  the  period  at  which  it  shows  a  falling-off  in  tensile  strength  occurs 
usually  within  six  months,  and  frequently  in  twenty-eight  days.  I  think, 
however,  that  there  is  no  danger  to  be  feared  in  this  peculiar  behavior  of  these 
cements,  for  the  reason  that  I  have  already  given,  and  I  think  in  the  use  of 
cement,  in  reinforced  concrete  construction,  engineers  will  place  very  little 
reliance  on  the  tensile  strength  of  the  material. 

With  reference  to  the  use  of  reinforced  concrete,  there  is  another  feature 
about  which  I  wish  to  speak.  That  is  the  great  mass  of  steel  that  is  imbedded  in 
reinforced  concrete,  which  is  far  in  excess,  in  many  cases,  of  the  requirements. 
Steel  is  placed  in  concrete  with  the  view  of  taking  up  whatever  tension  may  come 
on  the  structure,  and  to  distribute  the  tendency  to  crack  from  shrinkage,  which 
is  characteristic  of  rich  concretes.  As  an  illustration  of  this  feature,  I  would 
cite  an  instance  of  the  concrete  steel  bridge  in  Brooylyn,  of  85-foot  span,  the 
arch  being  22  inches  thick  at  the  crown  and  over  2  feet  thick  at  the  haunches. 
Steel  rods  were  put  in  about  8  inches  apart  in  a  double  row  with  a  sheer  rod 
running  from  the  upper  to  the  lower.  When  the  steel  was  all  in  place,  and 
before  any  concerte  had  been  deposited,  the  amount  of  metal  there  was  so  great 
that  it  looked  as  if  it  might  be  difficult  to  deposit  the  concrete.  On  looking 
at  this  structure  my  impression  was  that  the  arch  would  have  supported  itself 
without  any  reinforcement  whatever,  and  the  great  amount  of  steel  which  was 
placed  in  there  was  simply  wasted  metal. 

In  inspecting  concrete  steel  structures  throughout  this  country  I  find  that 
the  designers,  either  from  a  lack  of  knowledge  or  from  a  fear  of  not  getting 
in  enough  metal,  are  prone  to  place  in  the  work  excessive  amounts  of  steel, 
and  I  think  that  the  conunittees  on  reinforced  concrete  that  are  now  being 
appointed  have  a  most  excellent  opportunity  to  point  out  the  rational  manner 
in  which  steel  should  be  used  to  reinforce  concrete  constructions — for  such 
structures  are  essentially  concrete  structures. 

Another  feature  in  concrete  construction  is  the  waste  of  cement.    The  pro- 
portions in  the  average  concrete  are  entirely  too  rich,  and  the  result  is  that 
shrinkage  cracks  occur  which  create  false  impressions  as  to  the  character  of 
the  cement.     A  favorite  proportion  for  concrete  is  1,  3,  and  6.    This  propor^ 
tion  was  adopted  for  the  materials  which  were  used  in  the  concrete  bulkhead 
along  Delaware  Avenue  in  this  city  (which  was  started  in  1897),  ni^^J  wiiH  d  '  '^' 
mined  after  a  careful  study  of  the  voids  in  the  material  to  be  usi  d.     Thf 
proportions  are  used  for  concrete  all  over  the  country,  and  from  a  pers^ 
servation  I  know  that  they  are  thoroughly  inconsistent, — in  many  In 
because  the  character  of  the  material  used  is  not  so  proportioned  sts  Ui  | 
fill  up  the  voids.     The  proportions  to  be  used  in  concrete  shoul4  be  J 
each  piece  of  work  from  a  determination  of  the  voids  in  the  s:itid  hI 
to  be  used. 

In  the  matter  of  proportions  we  are  far  behind  European  cOLint.Hi 
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1,  4,  and  8,  and  1,  8,  and  12,  are  frequently  used,  proportions  which  -would 
give  the  average  engineer  in  this  country  heart  failure.  With  proportions 
of  this  character  shrinkage  cracks  are  much  less  frequent,  and  are  generally 
distributed  by  the  use  of  small  steel  rods. 

In  the  question  of  rendering  concrete  impervious,  the  efforts  seem  t<t  be 
directed  to  so  proportioning  the  concrete  as  to  make  it  impervious,  without 
regard  to  the  shrinkage  which  will  occur  in  a  mass  of  the  material  The  result 
is  that  the  greatest  amount  of  leakage  occurs  at  the  shrinkage  cracks.  In  con- 
crete construction,  therefore,  provision  should  be  made  for  expansion  and  con- 
traction. 

In  conclxision,  I  would  add  that  the  observations  of  most  engineers  on  the 
behavior  and  characteristics  of  concrete  are  based  on  observations  covering 
short  periods  of  time,  rarely  extending  beyond  one  year.  No  intelligent  in- 
formation can  be  obtained  from  concrete  structures  which  do  not  cover  a  period 
of  four,  five,  or  more  years,  as  it  is  at  the  end  of  these  periods  that  the  charac- 
teristics or  the  failures  in  concrete  begin  to  develop. 

R.  W.  Lesley. — Mr.  Chairman,  in  reply  to  Mr.  Christie  and  also  to  Mr.  Hum- 
phrey, there  are  two  or  three  things  that  attract  my  attention.     In  the  first  place, 
this  question  between  the  natural  and  Portland  cement  seems  to  be  a  case  of 
the  tortoise  and  the  hare.    To  illustrate  the  proposition  we  will  assume  the 
lower  line  is  the  tortoise  (referring  to  diagram  on  blackboard)  and  the  upper 
the  hare.    If  you  take  this  and  follow  it  out  a  little  farther,  it  is  easy  to  see  th&t 
the  tortoise  would  probably  win  the  race ;  so  it  is  in  the  question  of  a  great  deal 
of  work  where  natural  cement  may  be  properly  substituted  for  Portland  cement. 
The  great  engineers  of  the  New  York  aqueduct  system  and  the  Boston  Dam 
have  actually  built  the  biggest  dams  in  the  world — the  Clinton  Dam  near  Boston 
and  the  Croton  Dam  of  the  Croton  Valley — with  natural  rather  than  Portland 
cement,  the  theory  being  that  there  was  no  inunediate  great  pressure  to  be  brou^t 
upon  them  and  that  by  using  natural  cement,  the  weight  of  the  body  of  masonry 
could  be  increased — ^no  great  initial  tensile  strength  being  required  of  dams  that 
took  ten  or  twelve  years  to  build — so  that  while  the  natural  cements  are  not  as 
good  as  Portland  cements  for  the  purpose  of  large  skyscraper  buildings,  where 
weight  is  superimposed  almost  day  to  day,  they  are  in  the  great  bulk  of  work 
fully  equivalent  to  Portland  cement,  because  there  are  no  such  immediate  strains 
ever  imposed  upon  them,  and  those  lines  that  Mr.  Christie  has  put  on  the  board 
(the  five-week  period)  would  be  almost  reproductions  of  the  charts  that  appear 
in  almost  every  city  engineer's  report  in  the  United  States;  showing  the  relative 
results  of  Portland  and  natural  cements,  on  mortars  of  one  to  three  mixtures 
and  one  to  two  mixtures  at  the  end  of  a  year.     As  Mr.  Humphrey  has  very 
properly  said,  the  tests  appUed  to  cement  are  tests  applied  to  flexible  material, 
and  Portland  cement  is  essentially  a  non-elastic  material.     For  the  purpose  of 
discussion  there  is  a  thought  that  possibly  underlies  this  question,  and  that  is, 
that  the  old  Portland  cements  that  we  made  in  the  dome  kilns  were  cements 
that  remained  in  the  fire  for  a  considerable  period  of  time  and  did  show  a  con- 
stantly increasing  curve,  and  to  my  own  knowledge  those  cements  are  still  gain- 
ing and  show  no  retrogression.     My  thought  is,  and  I  reason  not  from  exper- 
ience but  from  observation  and  possible  analogy,  that  there  may  be  some  analogy 
between  the  old  dome  kiln  cement — where  the  powder  was  made  into  mud,  where 
the  mud  remained  exposed  to  the  sim  and  atmosphere  or  was  brought  into.rooms 
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and  heated  and  gradually  dried,  then  placed  in  kilns  and  remained  in  the  fire 
for  a  week  or  four  or  five  days — that  there  may  be  some  possible  analogy  between 
that  and  the  manufacture  of  wrought-iron,  which  is  rather  a  slower  process 
than  the  manufacture  of  Bessemer  steel,  and  when  we  get  around  to  the  pro- 
duction of  the  rotary  kiln  cement,  we  are  certainly  beginning  to  produce  what 
might  represent  in  the  iron  and  steel  industry  a  much  more  highly  crystallized 
product  than  we  had  heretofore  produced;  this  raw  material  being  produced 
with  the  mixture  in  powder  and  the  product  being  made  very  rapidly  by  the 
contact  of  the  flame  in  a  few  hours.  Therefore  the  same  methods  would  apply 
to  that  as  would  apply  to  the  original  testing  of  Bessemer  steel,  where  every 
attention  was  paid  to  tension  and  little  attention  paid  to  elasticity. 

One  more  thought,  possibly  in  explanation  of  Mr.  Christie's  remarks:  The 
natural  cements,  when  pulverized  and  examined  under  a  microscope,  show  a 
flaky  substance  after  grinding,  whereas  the  Portland  cement,  burned  in  a  revolv- 
ing kiln,  shows  a  very  highly  crystallized  material.  The  laying  of  the  flakes, 
one  upon  the  other,  seems  t"  offer  a  larger  substance  for  continual  gain  in  sand 
mixtures  at  long  periods  than  these  natural  cements  show,  whereas  the  crystals 
of  the  rotary  cement  seem  to  acquire  a  greater  strength  at  earlier  periods.  In 
other  words,  there  is  a  distinct  difference  between  the  crystalline  structure  of 
rotary  Portland  cement,  which  might  represent  the  highly  crystaUized  Bessemer 
steel,  and  the  natural  cement,  which  might  represent  the  wrought-iron. 

These  are  the  thoughts  that  strike  me  in  connection  with  a  table  like  that. 
(Referring  to  table  on  blackboard.)  As  to  the  statement  that  the  Portland 
cements  made  by  the  rotary  process,  do  show,  by  tension  tests,  retrogression 
at  short  periods,  it  is  undoubtedly  true,  but  those  same  cements  in  compression 
certainly  show  a  continual  gain  and  are  not  of  an  absolutely  non-elastic  char- 
acter. Possibly  the  best  results  are  at  about  the  center  of  the  course  of  this 
pendulum.  But  there  is  a  tendency  among  all  men  always  to  specify  a  little 
above  the  last  specification,  so  that  if  the  individual  who  was  first  among  Port- 
land cement  manufacturers  should  go  around  and  feel  happy  because  he  could 
give  the  engineer  three  hundred  pounds,  at  seven  days,  some  other  person  would 
come  along  and  give  four  hundred.  The  fate  of  the  cement  man  and  the  iron 
manufacturer  has  been  like  that  of  the  celebrated  jumping  horse,  which  started 
to  jump  four  bars  and  they  kept  on  raising  the  bar  until  he  jumped  seven  feet 
four.  Those  who  started  in  this  business  have  gradually  raised  the  limit  imtil 
we  are  making  seven  hundred  pounds  at  seven  days,  and  now  we  are  coming 
to  the  other  side  of  the  specification.  The  last  specifi cation  oS  thc^  Feuusylvatiia 
Railroad  requires  that  the  cement  shall  not  exceed  700  p^  w  that  we 

are  leaping  a  six-or  seven-barred  fence  and  are  in  m(K  how  we 

are  going  to  leap  lower. 

The  President. — I  think,  gentlottierij  the  hour  n  I  ahfnt^ 

arrived.     This  has  been  an  interestini^  eveniDg  forflf  y  hA^f»i* 

that  the  discussion  may  be  taken  up  ^^tdn  at  anol^ 
tion  some  time  ago  to  the  trouble  that  ha>i  arisen  r^ 
to  write  papers.     I  realize  that  the  bu.^y  man  in  t' 
thing  else  than  his  work.     It  has  become  a  matte 
Information  Committee  to  get  papere^  and  $o  1 1 
up  an  evening  than  to  discuss  a  tople.     Our  ti: 
spent.     We  have  heard  interesting  thinifs 
on  the  various  uses  of  cement. 
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CONCRETE:  ITS  PROPERTIES  AND  APPLICATIONS. 

A  Topical  Discussion,  January  2,  1904. 

EDGAR  MARBURG. 

The  interest  manifested  at  a  recent  meeting  of  the  Club  in  a  dis- 
cussion on  cement  and  its  uses,  opened  by  Mr.  R.  W.  Lesley,  sug- 
gested to  the  conmiittee  in  charge  of  our  meetings  the  desirability 
of  a  continuation  of  that  discussion,  in  the  direction  more  especially 
of  concrete:  its  properties  and  applications. 

The  introduction  of  a  subject  of  such  magnitude  within  the  brief 
time  at  my  disposal  imposes  the  necessity  of  confining  the  same  to 
a  succinct  generalization  of  some  of  its  most  important  features,  in 
the  hope  that  what  I  shall  say  may  prove  suggestive  to  others  and 
lead  to  a  general  discussion  of  some  interest  and  value. 

The  use  of  concrete  formed  with  a  matrix  of  puzzuolana,  lime, 
and  sand  dates  back  to  several  centuries  before  the  Christian  era.  It 
is,  however,  only  within  the  very  recent  past,  and  long  after  the 
discovery  of  our  modem  Portland  cement,  that  the  great  value  of 
concrete  for  innumerable  forms  of  construction  received  the  recogni- 
tion it  now  concededly  deserves.  The  enormous  increase  in  the 
consumption  of  cement  during  the  past  decade  has  been  strikingly 
presented  by  Mr.  Lesley,  and  the  statistics  he  adduced  may  be  ac- 
cepted as  fairly  illustrative,  in  a  relative  sense,  of  the  increasing  use 
of  concrete.  The  favor  with  which  concrete  construction  has  come 
to  be  regarded  in  engineering  circles  is  to  be  attributed  partly  to 
the  improved  quality  and  decreased  cost  of  cement,  as  the  difficulties 
of  its  manufacture  have  become  more  thoroughly  mastered;  and 
partly  to  the  increased  confidence  of  engineers  in  its  reliability,  as 
its  worth  has  been  proved  again  and  again  under  new  and  previously 
untried  conditions.  The  combination  of  concrete  with  steel,  in  a 
form  variously  designated  as  steel  concrete,  reinforced,  armored,  and 
ferro-concrete,  has  opened  up  a  vast  field  of  new  possibilities,  the 
limit4S  of  which  are  as  yet  but  dimly  recognized. 

Compared  with  stone  masonry,  concrete  is  not  only  cheaper,  but 
offers  important  advantages  in  speed  of  construction,  and  in  the  fact 
that  it  can  be  laid  with  unskilled  labor.  By  reason  of  its  monolithic 
character  it  is  particularly  adaptable  to  foundations,   abutments, 
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retaining  walls,   and   structures   in   general  subjected   to   unevenly 
distributed  pressures. 

As  a  substitute  for  structural  steel,  concrete  construction,  though 
frequently,  and  perhaps  usually,  more  expensive  as  to  initial  outlay, 
is  far  more  durable  and  economical  in  point  of  maintenance,  apart 
from  its  greater  solidity  and  freedom  from  vibration. 

Other  characteristics  possessed  by  concrete  in  an  eminent  degree, 
such  as  its  adaptability  to  subaqueous  construction,  impermeability, 
weathering,  and  fire-resisting  qualities,  and  the  protection  afforded 
to  imbedded  steel  against  corrosion,  render  its  use  invaluable  under 
suitable  conditions. 

Let  us  now  consider  briefly  the  more  important  physical  properties 
of  concrete,  w4th  the  understanding  that  unless   otherwise  stated 
reference  is  had  to  well-made  and  well-seasoned  1:2:4  or  1:2^:5 
concrete  of  good  Portland  cement,  sand,  and  broken  stone. 
^  The  compressive  strength  of  concrete>as  determined  by  innumerable 
laboratory  tests^  shows  remarkable  variations,  between  materials  of 
like  age  and  proportions  and  kept  under  similar  conditions^  before 
testing.    The  results  are  aflfected  chiefly  by  the  character  of  the 
ingredients,  the  method  of  molding  and  of  bedding  in  the  testing 
machine,  the  proportion  of  water  used  in  mixing,  and  by  the  size 
and  form  of  the  specimens;  and  to  a  less  extent  by  a  variety  of  other 
influences,  i  Generally  speaking,  the  compressive  strength  attained 
at  the  age  of  one  year  may  be  assumed  at  from  3000  to  4000  pounds 
per  square  inch,  about  one-third  of  this  strength  being  developed 
within  a  single  week  and  about  one-half  at  the  age  of  one  month.^ 
The  relation  between  the  crushing  strength  of  laboratory  specimens 
and  large  masses  of  concrete  is  of  course  unknown.    That  carefully 
prepared  test^pieces  are  superior  to  such  average  samples  as  might 
be  cut  from  concrete  as  laid  in  actual  building  operations  cannot  be 
doubted.     This  advantage  is  neutralized,  however,  to  a  considerable 
though  unknoAvn  extent  from  the  fact  that  in  large  masses  the  material 
is  relatively  better  supported  laterally  against  failure.   .  V*  •  r  a  11  on  linary 
cases  a  working  stress  in  compression  of  400  to  500  pounib  per  squ' 
inch  may  be  safely  assumed.     This  value  is  about  the  sarae  as  ^ 
usually  allowed  on  the  best  ashlar  masonry,  although  the  am 
strength  of  our  common  building  stones  is  from  one  to  five  tis^ 
great  as  that  of  w^ell-seasoned  concrete.^  It  is  well  knox\*Ti,  hon 
that  the  strength  of  masonry  piers  is  much  lower  than  that  of 
pieces  made  from  the  same  material,  owing  to  the  wtiiketii 
of  the  mortar  joints  and  other  influences. 


tunc  t 
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^  The  modulus  of  rupture  of  plain  concrete  in  bending  is  about  equal 
to  its  tensile  strength,  and  both  may  be  assumed  at  about  one-tenth 
the  strength  in  compression.  A  working  stress  of  50  pounds  per 
square  inch  may  be  regarded  in  most  cases  as  a  suitable  value.> 

i^In  the  designing  of  reinforced  concrete  structures  the  modulus  of 
elasticity  becomes  of  the  utmost  importance.  Experiments  indicate, 
as  might  have  been  anticipated,  that  its  value  increases  with  the  age 
of  the  concrete  and  decreases  under  increments  of  stress.  It  is  affected 
also  to  a  considerable  extent  by  the  proportions  of  water  used,  wet  mix- 
tures yielding  lower  values.  For  well-seasoned  concrete  the  modulus 
of  elasticity  in  compression  may  be  safely  assimied  at  3,000,000, 
or  one-tenth  that  of  steel.  The  experiments  of  the  Austrian  Society 
of  Engineers  and  Architects  indicate,  however,  that  the  modulus  of 
elasticity  of  concrete  in  large  masses  is  only  about  one-half  that  found 
in  small  specimen  tests.  Mr.  Edwin  Thacher,  a  leading  authority 
on  steel-concrete,  accordingly  recommends  a  ratio  of  one-twentieth 
between  the  moduli  of  concrete  and  steel. > 

/^The  weight  of  experimental  data  seems  to  show  that  the  modulus 
of  elasticity  of  concrete  in  tension  may  be  properly  assimied  as  equal 
to  that  in  compression,  although  in  some  tests  its  value  was  found 
to  be  only  about  one-half  as  great.  The  assumption  of  equal  values 
in  tension  and  compression  commonly  made  in  practice  is  apparently 
justified,  and  simpUfies  the  analysis  of  the  stresses  in  bending.> 

While  the  fact  is  well  established  that  the  modulus  of  elasticity 
of  concrete  decreases  rapidly  under  higher  loading,  the  same  experi- 
ments show  thatxit  is  sensibly  constant  up  to  a  crushing  stress  of  at 
least  1000  pounds  per  square  inch,  or  considerably  beyond  the  highest 
allowable  working  limits,  so  that  the  common  theory  of  flexure  may  be 
confidently  appUed  to  the  design  of  concrete  beams,  both  plain  and 
reinforced.^  In  the  analysis  of  the  stresses  beyond  the  elastic  limit  and 
up  to  the  moment  of  rupture  the  assumption  that  the  intensities 
of  the  internal  stresses  vary  as  ordinates  to  parabolic  curves  having 
their  vertex  at  the  neutral  axis  is  apparently  in  better  agreement 
with  actual  conditions. 

/  The  adhesive  strength  of  concrete  to  imbedded  steel  is  also  an 
element  of  the  greatest  importance  in  the  strength  of  such  composite 
material.  >  The  comparatively  few  tests  that  have  been  made  show 
a  wide  range  of  values.  :.The  results  arc  largely  affected  by  the  con- 
tinuity of  the  bond  between  the  steel  and  the  concrete,  and  wet 
mixtures  are  obviously  better  calculated  to  insure  perfect  contact, 


Marburg — Concrete,  111 

and  give,  as  a  matter  of  fact,  higher  values.  The  adhesion  of  well- 
made  concrete  to  smooth  steel  rods  may  be  assimied  at  about  500 
pounds  per  square  inch,  although  m  view  of  the  great  variation  in 
experimental  data  the  working  stress  should  be  limited  to  about 
50  pounds  per  square  inch,  a  value  equal  to  that  suggested  for  pure 
tension.  To  increase  the  adhesive  shearing  strength  between  steel 
and  concrete  various  patented  bars  with  lateral  protuberances  and 
other  devices  for  strengthening  the  bond  between  the  two  materials 
have  come  into  successful  use.7 

»  A  remarkable  influence  on  the  elastic  behavior  of  concrete  pro- 
duced by  imbedded  steel  to  the  extent  of  only  one  or  two  per  cent, 
of  the  cross-section  is  to  be  found  in  the  fact  that  the  extensibility 
of  the  concrete  before  rupture  is  thereby  very  greatly  increased;  in 
certain  cases  observed  by  M.  Considire,  as  much  as  twenty-fold.  This 
pecuUar  effect,  which  could  hardly  have  been  anticipated,  makes  it 
possible  to  develop  stresses  in  the  imbedded  steel  nearly  or  quite 
up  to  its  elastic  limit  before  the  concrete  itself  exhibits  evidences  of 
failure.^ 

Z'  The  relation  between  the  coeflScients  of  expansion  of  concrete  and 
steel  has  not  yet  been  adequately  determined.  Fortunately,  such 
evidence  as  exists  indicates  that  the  expansion  and  contraction  of 
these  two  materials  under  thermal  changes  is  practically  the  same^ 

Following  this  cursory  review  of  the  physical  properties  of  con- 
crete, let  us  consider  briefly  certain  matters  of  more  direct  practical 
interest. 

Theoretical  discussions  as  to  the  relative  economy  of  concrete 
mixed  in  varying  proportions,  based  on  laboratory  results,  are  often 
misleading.  The  judicious  blending  of  carefully  assorted  material 
may  be  easily  accomplished  in  the  laboratory,  whereas  the  attempt 
to  conduct  similar  operations  on  actual  works  of  construction  would 
prove  uneconomical  or  wholly  impracticable. 

The  assumption  frequently  made  that  tiic  most  econoniiLul  niixture 
is  that  one  which  gives  the  maximum  iinit  atn>ngttmp  imit  of  cost 
is  also,  generally  speaking,  inadmissible.  That  i3^i«B^  I'heapest 
which  meets  given  requirements  as  to  .^tr^ngt-Ii  ^V  •  .^tuilltim 
at  a  minimum  cost  of  material  and  labor.     I  f ,  for  (ia^v  >^figth 

might  be  doubled  at  an  increased  cof?t  of  oiJy  25  f€'f 
expense  would  not  be  justified  if  it  be  eertiun  thjtf4 
will  not  be  needed. 

While  it  is  impracticable  to  estimate  the  req 
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case  to  a  nicety,  and  to  proportion  the  ingredients  accordingly,  yet. 
on  the  other  hand,  there  is  no  doubt  that,  either  through  ignorance  or 
carelessness,  certain  well-established  principles  of  economy  are  not 
infrequently  disregarded.  jThus,  it  is  manifestly  advantageous  that 
the  voids  in  the  aggregate  shall  be  reduced  to  the  lowest,  easily  obtain- 
able limit;  not  only  to  save  cement,  but  because  the  mortar  is  weaker 
than  the  finished  concrete,  so  that  a  reduction  in  the  proportion  of 
mortar  used  increases  the  strength  of  the  concrete,  provided  the  voids 
are  thoroughly  filled.  Again,  experiments  show  that  finely  crushed 
stone  is  stronger  than  equal  parts  of  sand,  owing  to  the  better  ad- 
hesion of  the  cement  to  the  former.  The  use  of  unscreened  stone, 
as  it  comes  from  the  crusher,  with  only  the  fine  dust  removed,  is 
advantageous,  therefore:  firet,  by  reducing  the  quantity  of  cement; 
second,  by  reducing  the  cost  of  the  stone;  and  third,  by  increasing 
the  strength  of  the  concrete.  ^ 

/The  proportions  of  voids  in  broken  stone  of  uniform  size  var\', 
usually  from  45  to  50  per  cent,  independent  of  size,  whereas  the  voids 
in  unscreened  stone  are  from  one-tenth  to  one-fourth  less^ 

That  specifications  for  concrete  are  apt  to  be  loosely  or  ambiguously 
worded  is  a  well-known  fact.  The  usual  statement,  for  example, 
that  Portland  cement,  sand,  and  broken  stone  shall  be  mixed  in 
certain  parts  is  comparatively  meaningless  unless  the  manner  in 
which  these  parts  shall  be  measured  is  definitely  prescribed.  Thus, 
the  volume  of  a  given  quantity  of  cement  in  a  loose  state  compares 
with  its  volume  as  packed  in  the  barrel,  about  as  1.25  to  1.0.  Any 
uncertainty,  therefore,  as  to  which  of  these  volumes  is  intended  is 
manifestly  to  be  avoided.  If  packed  cement  is  prescribed  for  measure- 
ment, the  barrels  themselves,  provided  they  are  well  filled,  serve  as 
convenient  units,  and  may  be  used  as  measures  for  the  broken  stone 
and  sand.  If  the  cement  is  delivered  in  bags,  as  is  commonly  the 
case,  the  contents  of  each  bag  is  usually  an  even  fraction  (one-third 
or  one-fourth)  of  a  barrel.  In  the  interest  of  definiteness,  it  is  well, 
however,  to  specify  that  a  given  weight  of  cement,  say  380  pounds, 
shall  be  considered  to  correspond  to  a  given  volume  of  cement,  say 
8.5  cubic  feet.  It  is,  perhaps,  just  as  well  to  specify  that  all  in- 
gredients shall  be  measured  loose.  This  method  is  sometimes  more 
convenient,  and  accords  better  with  the  practice  in  the  laboratories. 

The  clauses  concerning  mixing  are  also  frequently  lacking  in  definite- 
ness, although  it  is  well  known  that  the  strength  of  concrete  depends 
very  greatly  on  the  thoroughness  of  the  mixing.    To  specify  simply 
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that  the  ingredients  shall  be  "thoroughly  mixed,"  or  "mixed  to  the 
satisfaction  of  the  engineer/'  is  wholly  indefinite,  and  obviously  unfair 
to  the  contractor.  The  aim  should  be  to  specify  as  clearly  as  possible 
just  how  the  mixing  is  to  be  accomplished,  especially  where  the  work 
is  to  be  performed  by  hand-labor.  For  large  operations,  on  which 
mechanical  mixers  are  likely  to  be  employed,  it  is  difficult  to  draw 
up  the  specifications  for  mixing  with  the  degree  of  definiteness  that 
is  desirable,  in  view  of  the  diversified  types  and  varieties  of  such 
machines. 

iJt  should  be  remembered  that,  within  limits,  there  is  no  better 
way  of  improving  the  quality  of  concrete  than  by  the  expenditure 
of  some  added  time  and  labor  in  the  mixing.  ^  To  insure  a  thorough 
blending  of  all  ingredients,  the  cement  and  sand  should  first  be  thor- 
oughly mixed  by  turning  over  with  shovels;  water  should  then  be 
added  and  the  process  continued.  The  mortar  thus  prepared  should 
be  spread  evenly  over  the  stones,  which  should  previously  have  been 
thoroughly  wetted;  and  the  entire  mass  should  then  be  thoroughly 
mixed  by  means  of  shovels. >  The  number  of  turnings  at  each  stage 
of  the  process  should  be  definitely  stipulated.  For  the  mixing  of  the 
dry  sand  and  cement  it  is  probably  best  to  specify  that  this  shall  be 
continued  until  the  mixture  is  brought  to  a  uniform  color. 

t  Concerning  the  best  proportions  of  water  in  concrete,  it  may  be 
said  that  there  is  at  present  a  decided  tendency  toward  the  use  of 
wetter  mixtures  .>  That  this  is  a  step  in  the  right  direction  is  hardly 
to  be  doubted.  It  is  true  that  laboratory  tests  in  general  indicate 
a  somewhat  greater  strength  for  well-rammed,  dry  mixtures.  Evi- 
dence is  not  lacking,  however,  that  wet  mixtures  develop  greater 
strength  ultimately.  But,  however  that  may  be,  the  difference  is 
not  material.  ^  From  a  practical  standpoint  the  fact  remains  that 
unless  there  be  a  sufficiently  liberal  use  of  water — too  much  rather 
than  too  little — the  mass  cannot  be  properly  consolidated,  no  matter 
how  thoroughly  it  Ls  ranimed  or  how  rigid  the  :^i,jim  ( \  r-iun.  lTIig  usp 
of  wetter  riiixture^s  econnmizpn  labor  ai^rf  pniilu*'t'6  a  .sounder  and 
better  product.  In  the  cast*  of  coocri  ■  i^>  ther^  Is  the  added  ad- 
vantage that  a  wet  mixture  ioi||^V  *^d  between  thp  two 

materials.^  ^V       ^B^    

^  As  to  sarui.  f\xperinienlH  shon^B  ^^F  ^Bvd  \»  far  bettrr 
than  fine  nand.  and  that  miXQil^^  ^  ^^H^  pmportion 

of  voids  TTiatt^rially  and  givT  iliC  ^Bkt)n?Hence  of 

loam  and  rlay  in  sand  ig  HHMnh  .^  ^Hbctlonabl^. 


114  Mills — Concrete, 

Recent  experiments  seem  to  show,  however,  that  the  presence  of  such 
foreign  matter  up  to  at  least  15  per  cent,  actually  increases  the  strength 
of  the  mortar  and  does  not  impair  its  weathering  qualities  perceptibly. 
If  these  conclusions  should  be  confirmed  by  more  extended  tests,  the 
usual  requirements  as  to  the  cleanness  of  the  sand  might  be  modi- 
fied to  advantage.  ^ 

CHARLES  M.  MILLS. 

Concrete  in  recent  years,  being  more  widely  used  than  ever  before, 
enhanced  in  importance  and  adaptability  for  new  uses,  by  its  com- 
bination with  steel,  the  investigation  of  its  properties  is  engaging 
increased  attention,  with  advantage  to  its  successful  and  judicious 
use. 

With  an  ossature  of  steel,  to  use  the  apt  expression  of  the  French, 
concrete  renders  available  permanent  and  economical  forais  of  con- 
struction, not  attainable  by  either  masonry  or  metal  alone.  Problems 
involving  earth  pressure,  and  met  in  the  designing  of  foundations,  not 
to  speak  of  structures  above  ground,  may  be  attacked  with  great 
satisfaction  by  making  direct  provision  for  bending  stresses,  avoiding 
uncertainties  in  many  cases  as  to  the  behavior  of  plain  concrete  or 
masonry  structures,  and  rendering  unnecessary  the  use  of  structural 
steel  with  its  added  cost,  and  in  many  situations  of  doubtful  perma- 
nence. 

To  place  the  remarks  to  follow  in  order,  they  will  be  reduced  to  six 
topics,  and  comprise  brief  references  to  a  few  of  the  salient  points  in 
each,  as  it  would  be  impossible  to  cover  the  whole  ground  in  an  entire 
evening. 

In  compUance  with  a  request  of  the  chairman  of  your  Information 
Committee,  that  some  photographs  of  the  Market  Street  Subway  work 
be  shown,  I  have  brought  a  few  sUdes  exhibiting  some  of  the  concrete 
construction. 

The  first  topic  is — 

The  Qmlity  of  Materials. — ^The  material  probably  first  claiming  our 
attention  is  the  cement.  The  early  strength  of  Portland  cement, 
enabling  concrete  to  sustain  a  relatively  high  stress  at  early  ages,  and 
its  greater  imiformity  and  reUability,  have  resulted  in  its  general  use 
for  concrete  in  high-class  work.  One  of  the  chief  concerns  of  the  engi- 
neer, as  to  the  efficiency  of  his  designs  in  concrete,  is  the  integrity 
of  the  composition,  making  the  detection  of  destructive  elements 
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in   cements,  tending  to  disintegration  of  the  mass,  of  vital  impor- 
tance. 

The  information  ehcited  in  the  protracted  and  still  current  discussion 
of  the  boiling  or  steam  tests,  or  a  combination  of  both,  for  the  early 
detection  of  unsoundness  within  a  permissible  period  of  time,  in  con- 
nection with  such  personal  observations  as  the  speaker  has  had 
opportunity  to  make,  has  resulted  in  the  adoption  of  the  requirement 
for  three  hours  inunersion  in  steam  followed  by  five  hours  in  boiling 
water,  the  specimens  being  kept  twenty-four  hours  after  gauging. 
Concrete  made  from  cement  which  has  not  stood  an  accelerated  test, 
imdoubtedly  stands  to-day  without  showing  any  unfavorable  indica- 
tions, but  it  is  unsafe  to  rely  too  certainly  on  such  evidence,  in  the 
absence  of  particulars  as  to  the  interval  of  time  between  the  testing 
and  the  use  of  the  cement.  To  the  speaker,  the  use  of  the  accelerated 
test,  with  a  coordinating  limitation  of  anhydrous  sulphuric  acid,  is  a 
safe  course,  until  the  current  investigations  and  discussions  have 
elicited  more  conclusive  information.  As  the  test  is  used  to  a  large 
extent  in  the  laboratories  at  the  cement  mills,  for  the  manufacturers' 
information,  it  is  doubtful  if  insistence  on  the  test  makes  much  differ- 
ence in  the  price  of  cement,  except  probably  in  times  of  stringency 
in  the  market.  Cement  which  fails  to  pass  the  test,  frequently  will 
pass  it  if  seasoned  for  a  time  and  retested.  The  test  undoubtedly 
facilitates  the  detection  of  cement  which  requires  seasoning,  and  pro- 
tects the  engineer  to  that  extent. 

To  give  the  best  results  and  economize  in  cement,  the  aggregate 
should  be  graded  in  size,  and  include  the  product  of  the  crusher  up 
to  the  maximum  sized  stone  allowed,  and  preferably  the  dust  as  well. 
The  dust  and  fine  screenings,  say  up  to  i  inch  in  size,  should  be  kept 
separate  and  used  in  place  of  an  equivalent  volume  of  sand  or  gravel. 

As  the  strength  of  cubes  of  concrete  diminishes  as  the  amount  of 
mortar  increases,  as  compared  with  the  stone  aggregate,  other  condi- 
tions being  equal,  the  gradation  of  the  si^es  of  the  stone  aggix^gate, 
to  minimize  the  voids  to  be  filled  wit>  ^ry  desirable,    TV'hen 

coarse  sand  or  gra%  el  is  used  in  ib^  tter  it  h  ^rti/ded  in 

size,  the  stronger  the  mortar,    If  pressiu'  ^  in 

specifications,  that,  .sand  or  grav^  n  lonit 

fulfilled,  unless  the  material  ifl  ial  lo^  4 

quently  beyond  conmiercial  li  ugh  j 

for  imusually  well  washed  or  *  o(j 

of  what  is  termed  loam,  bui^ 
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minerals  mingled  with  oxide  of  iron,  in  most  if  not  all  of  the  gravels 
and  sands  furnished  for  use  in  this  city  for  construction  purposes,  it 
might  be  better  to  fix  a  limit  for  the  proportion  of  such  materials 
as  would  be  allowed.  Such  a  limitation  would  be  helpful  to  inspectors, 
and  obviate  the  always  objectionable  feature  of  an  inoperative  re- 
quirement in  the  specifications.  Perhaps  after  a  proper  limit  had 
been  determined,  a  standard  turbidity  tube  for  quick  determinations 
by  inspectors  would  be  convenient,  such  test  to  be  confirmed,  when 
necessary,  by  more  exact  methods.  Loam  proper,  containing  oi^ganic 
matter,  recognizable  by  the  color,  should  be  rigidly  excluded,  and  the 
more  nearly  sand  and  gravel  consists  of  clean  silicious  materiid,  the 
safer  it  is  for  use.  Further  reference  to  the  effect  of  the  presence  of 
loam  in  sand  and  gravel  will  be  made  in  the  following  description  of 
a  few  tests,  made  in  the  laboratory  of  the  Philadelphia  Rapid  Transit 
Co.,  the  results  of  which  will  be  shown  on  a  slide. 

The  tests  were  made  on  briquettes  of  the  standard  form,  to  ob8er\-e 
the  results  of  mixtures  made  with  Portland  cement  and  gravel  from 
the  excavation  in  Market  Street,  Jersey  gravel,  stone  grits,  and  stone 
dust,  and  are  shown  as  an  illustration  of  the  system  of  testing  in  use, 
to  control  the  selection  and  use  of  materials. 

A  gravel  was  found  in  the  excavation  for  the  side-wall  and  sewer, 
on  the  south  side  of  Market  Street,  where  the  work  is  now  in  progress, 
well  graded  in  size,  and  superior  in  this  respect  to  any  gravels  from 
other  sources  offered  for  use.  After  screening,  it  fulfilled  the  require- 
ments for  "  coarse  ^and  or  gravel,  graded  from  coarse  to  fine  to  reject 
all  particles  exceeding  \  inch  in  diameter,"  as  required  by  the  specifi- 
cations for  use  with  crushed  stone  in  concrete,  except  in  the  particular 
as  to  its  freedom  from  loam.  The  Jersey  gravels  offered  for  use  con- 
tained too  small  a  proportion  of  coarse  particles  and  a  large  proportion 
of  fine,  apparently  quite  uniform  in  size,  and  contained  from  10  to 
30  per  cent,  of  the  fine  clayey  and  decomposed  mineral  matter  associ- 
ated with  oxide  of  iron  referred  to  above,  and  which,  for  brevity, 
will  be  termed  "  loam  "  in  the  following. 

Some  of  the  tests  were  made  to  determine  the  effect  of  the  loam 
as  found  in  the  excavation  gravel,  and  the  effect  of  using  the  gravel 
without  washing.  The  results  of  some  of  these  tests  are  given  in 
the  following  table.  The  averages  for  the  several  groups  of  briquettes 
are  given,  and,  in  accordance  with  request,  also  the  individual  result 
from  each  briquette,  as  it  may  be  desired  to  compare  the  individual 
results  with  the  averages. 


TESTS  OF  BRIQUETTES  OF  GRAVELS  AND  GRITS  WITH 
VARYING  PERCENTAGES  OF  "LOAM." 


Materia!,. 


A.  Neat  Portland  Cemfiit  (used  in  the 


Average , 


B,   St^ntUrfi  Quart)!  Sand  (a^ed  in  labcH 
ralor^-) — I  cement  to  3  **and. 


Average  .  . . 


TtraiE. 


m 


63      2L0 


m 


C,   Excavation    Gravel,    imwasihpd,    iin-      25 
screened — 1  cement  to  3  gravtiL 


Average 


D.  Excavation     Gravel,     wa^^hedi     uti-  \      3 
HcreeneU — 1  cement,  to  3  gravpl. 


Average 


E.  Excavation  Gravel,  unwashed,  screen-     25,2 
^d — I  cctncTit  to  3  gravel. 


Averag*? . 


F.  Excavation  Gravel,  washed,  screened  I    3^ 
-^1  cement  to  3  gravel,  | 


Average 


G.  Trap  Rock  Duet  (with  ^  per  c(*nt. 
retained  on  No.  20  sieve) — I  i*e- 
menl,  3  grk* 


Av4>fae#  . , 


65 


65 


65 


63 


9.0 


65 


16.4 


m 


63 


63 


63 


546 

4m 

564 
530 


527 


187 
181 
165 
16S 


M6 
618 
811 

761 

11  ;^ 

862 

^2S0~ 
264 
225 
285 
266 
257 


175  I  263 


11,2 


10.7 


137 


133  296 

272  327 

234  325 

ISM  337 

.  i  293 

208  316 


269  I  327 
2(}7  346 
215  ,  375 
22S  353 
375 
230'  I  355 


244 
219 


368 
361 


190   355 


225 


112 


30S 
328 
,.   '290 
219  i  335 

225       420 
*>U  .  35IJ 
■  I  152* 
382 


f 


*  Not  uid titled  in  a 
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TESTS  OF  BRIQUETTES  OF  GRAVELS  AND  GRITS  WITH  VARYING 
PERCENTAGES  OF  *'LOAbi.'' ^{Continued.) 


Matbbial. 


H.  Trap  Rock  Grit — 1  cement,  3  grit. 


Average . 


J.   Crushed   Trap   Rock — 1    cement,    3 
crushed  rock. 


Average . 


K.  Trap  Rock  Grit  and  Excavation 
Gravel,  unwashed,  screened — 1  ce- 
ment, li  grit,  li  gravel. 


Average  . 


M 


11.4 


L.  Jersey  Bank  Gravel,* — 1  cement,  3  11.6 
gravel. 


Average  , 


Tbmpkba- 

TURB. 


^ 


65   63 


65 


63 


65 


63 


65  I  63 


3/.  Jersey  Bank  Gravel,*— 1  cement,  3  12.5  i  65  .  63 
graveL 


Average  . 


12.5 


11.2 


12.5 


13.7 


13.7 


280  ,  475 

279  479 
289   477 

280  435 
432 
458 

2S2    >  459 


321  ;  447 

291  391 

225  I  454 

412 

!  400 

..   '  390 

279  416 


375 
341 
338 
422 
329 
431 
372 


209 
216 
236 
212 


218 


128  203 

135  I  210 

151  i  242 

149  I  236 

..  I  223 
244 

141  226 


103 
104 
109 
122 

1*09 


266 
227 
277 
227 
251 
249 


In  mixing  the  batches  comprising  each  group  of  briquettes,  the  con- 
sistency was  made  as  uniform  as  possible  to  minimize  variations  liable 
from  varying  proportions  of  water.  Neat  tests  of  the  Portland  cement 
used  for  all  of  the  briquettes  is  given  in  group  A.  All  briquettes  were 
made  by  the  same  operator,  and  tested  by  one  operator. 


♦  Gravel  in  groups  L  and  M— from  different  sources. 
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You  will  notice  that  group  B  gives  the  results  with  standard  quartz 
sand;  passing  and  retained  on  20  and  30  sieves  respectively,  and  that 
they  are  lower  than  all  other  groups  except  L  and  M,  the  last  two 
of  the  series.  It  is  commonly  found  that  the  standard  sand  gives 
results  inferior  to  those  from  bank  sand  or  gravel,  even  though  the 
latter  contains  more  or  less  loam.  This  is  undoubtedly  due  to  the 
greater  coarseness  and  gradation  of  size  in  the  particles  in  the  sand  or 
gravel. 

As  explaining  the  low  results  for  groups  L  and  M,  it  may  be  stated 
that  these  gravels  were  too  uniformly  fine;  L  passing  about  40  per 
cent.,  and  M  51  per  cent.,  on  No.  50  sieves,  with  a  very  small  proportion 
of  large  particles.  Group  L  contained  11.6  per  cent.,  and  group  M, 
12.5  per  cent,  of  loam.  If  perfectly  clean,  it  is  probable  that  the  re- 
sults would  have  exceeded  those  for  the  standard  sand.  It  has  been 
found  that  the  loam  in  the  excavation  gravel  contains  about  50  per 
cent,  of  finely  comminuted  silica. 

It  will  be  noticed  that  the  tests  for  the  excavated  gravel,  groups 
C  and  F  inclusive,  give  average  results  from  316  to  367  pounds  per 
square  inch  for  twenty-eight  days,  and  that  the  averages  show  that 
the  effect  of  washing  for  the  range  of  the  briquettes  shown  in  the  table, 
was  attended  with  an  increase  of  about  10  per  cent,  in  strength. 
This  increase  in  group  F  is  derived  by  eliminating  the  low  test  of  152 
pounds,  manifestly  defective. 

The  greater  strength,  when  the  particles  are  coarse  and  graded  in 
size,  is  well  shown  by  comparing  groups  C  to  F,  with  groups  L  and 
M.  Although  group  E  contains  25.2  per  cent,  of  loam,  double  that 
in  group  M,  the  average  tensile  strength  is  about  35  per  cent,  in  excess 
for  the  former.  As  stated  above,  the  excavated  gravels  in  groups  C 
to  F  were  all  very  well  graded  from  coarse  to  fine,  while  those  in 
groups  L  and  M  were  fine,  with  a  large  proportion  quite  uniform  in 
size,  with  too  few  large  particles.  Group  K  comprises  briquettes  made 
of  the  excavation  gravel  sfn, md  but  uii\vMhhi.dt  ■Lnd  trap  rrn^k  grit 
in  equal  proportions.  The  l.^v arable  eifect  oi  '  ~  "^  '"'"  of  the  grit 
will  be  observed.  J 

The  high  results  of  the  t(.:^t8  w\th  the  cm  ^d  Man^ 

dust,  agree  with  similar  results  its  fn^qu^  "^*>. 

given  in  the  crushed  rock  and  the  grit,  m  f~ 
in  color  from  that  found  in  the  graN^eb,    ? 
As  the  character  of  the  excavation  g} 
and  so  much  difl&culty  was  ex|*erien<^, 
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gave  equal,  to  say  nothing  of  better  results,  it  is  being  used  in  various 
parts  of  the  work  after  screening,  mixed  with  an  equal  part  of  crushed 
trap  rock  grit.  Tests  are  being  made  as  the  work  progresses,  so  that 
a  constant  check  is  being  maintained  as  a  guide.  It  is  the  inten- 
tion to  institute  a  system  of  crushing  tests  on  6-inch  cubes. 

Proportioning  of  the  Materials, — The  proportioning  of  the  cement  to 
the  aggregate  should  correspond  with  the  duty  required,  with  necessary 
allowance  for  diflSculties  liable  to  confusion  in  measuring,  where  vary- 
ing proportions  are  used  in  different  parts  of  a  piece  of  work.  The 
quantity  of  cement  to  be  used  should  be  considered  in  connection  with 
the  aggregate  commercially  procurable.  Where  water-tightness  is 
necessary,  it  seems  desirable  to  fill  the  voids  as  completely  as  prac- 
ticable; at  the  same  time  it  is  to  be  remembered  that  leakage  may  be 
more  serious  from  fissures,  liable  to  be  developed  by  shrinkage  or 
cracking,  if  an  excess  of  rich  mortar  is  used,  so  that  a  leaner  mixture, 
which  may  perhaps  involve  a  more  or  less  cellular  structure,  may  be 
safer,  unless  for  very  high  pressures,  and  then  the  introduction  of  steel 
fabric  is  advantageous. 

Rather  than  take  up  a  formal  discussion  of  the  theory  of  proportions, 
with  which  no  doubt  those  of  you  who  are  interested  in  concrete  are 
already  famihar,  and  particularly  as  the  time  is  limited,  I  will  speak 
of  the  proportioning  of  concrete  for  use  in  the  Subway. 

For  the  side-walls,  floors  and  roof,  the  specifications  provide  that 
the  proportions  for  the  side-walls  shall  be  1  :  2^ :  5,  to  allow  the  use 
of  500  pounds  per  square  inch  as  a  working  stress,  and  as  it  was 
desired  to  reduce  percolation  to  a  minimum,  the  mortar  was  fixed  at 
1  to  2^,  aimed  to  fill  the  voids  due  to  the  probable  use  of  more  or 
less  gravel  deficient  in  gradation  of  the  particles.  A  slight  excess  of 
mortar  was  desired  to  allow  for  the  probable  use  of  indifferently 
graded  crushed  stone,  as  I  have  had  diflSculty  in  getting  crushed  stone 
well  graded  in  size.  Proportions  of  1:2:4  have  frequently  been  used 
abroad  and  in  this  country  for  similar  duty.  The  proportion  of  cement 
as  placed  at  1 :  2^ :  5  was  not  deemed  so  rich  as  to  invite  liability 
of  cracks  due  to  shrinkage.  To  guard  against  the  latter,  secondary' 
rods  were  introduced,  so  that  the  embedded  steel  would  result  in  a 
distribution  of  minute  detailed  fractures  instead  of  fewer  injurious 
large  fractures,  should  fractures  occur.  An  important  office  of  the 
secondary  rods  is  also  to  prevent  cracking  of  the  concrete  due  to 
expansion  and  contraction  from  changes  of  temperature,  as  no  ex- 
pansion joints  are  made  in  the  side- walls.    The  moisture  and  the 
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relatively  equable  temperature  of  the  earth,  very  favorable  for  con- 
crete, were  also  considered  in  the  selection  of  the  proportions. 

Investigations  are  in  progress  to  guide  in  the  future  proportioning 
of  cement  to  the  aggregate,  so  that  judicious  modifications  may  be 
made.  At  this  time,  as  stated  above,  in  various  parts  of  the  work, 
tiie  2J  parts  of  gravel  are  replaced  by  trap  rock  grit  and  screened 
gravel  from  the  excavation,  in  equal  proportions.  In  general  mass 
work,  and  in  ordinary  situations,  the  proportions  are  1:3:6.  The 
unit  of  measurement  of  cement  is  100  pounds,  or  approximately  1 
cubic  foot  packed.  Gravel,  grit,  and  stone  are  measured  as  shoveled 
into  the  mixing  boxes,  without  shaking  or  packing. 

Mixing  and  Consistency, — It  is  difficult  to  secure  thorough  mixing 
without  mechanical  action.  Except  in  cases  where  concrete  is  made 
in  small  quantities,  a  good  mechanical  mixer  should  be  used.  Thor- 
ough incorporation  is  best  secured  by  positive  mechanical  action,  inde- 
pendent of  gravity,  although  more  power  is  required  than  for  mixers 
utilizing  the  tumbling  principle,  such  as  the  Cubical,  the  Ransome,  the 
McKelvey  and  other  types.  The  latter,  however,  gives  very  good 
results.  The  trituration  secured  by  mechanical  mixing  promotes  the 
thorough  coating  with  cement  of  the  particles  of  the  sand,  gravel, 
or  stone  dust,  and  reduces  the  danger  of  lack  of  contact  of  the  cement 
with  the  stone  and  gravel,  due  to  the  adhesion  of  wet  stone  dust, 
and  loam,  which  cannot  be  as  well  accomplished  by  hand  mixing. 

As  thorough  tamping  is  difficult  to  secure,  even  with  constant 
supervision,  particularly  in  reinforced  concrete,  the  speaker  long  ago 
decided  that  the  best  way  is  to  make  the  mixture  wet.  By  wet,  I 
mean  so  that  it  quakes  like  jelly.  The  lubrication  of  the  particles  per- 
mits them  to  glide  and  interlock,  and  agitation  by  the  amount  of 
tamping  attainable,  assists  the  expulsion  of  any  excess  of  water  to 
the  surface,  which  excess,  as  far  as  the  speaker's  observation  has 
reached,  has  done  no  harm.  The  structure  of  wet  concrete,  from 
specimens  examined,  is  more  dense,  and  contrasts  markedly  with  that 
where  relatively  dry  mixtures  have  been  used,  filling  the  space  about 
embedded  steel,  and  producing  better  surfaces  against  forms.  If  the 
necessary  tamping  could  be  secured,  the  difference  in  the  resulting 
structure  would  be  reduced,  but  I  do  not  believe  that  any  amount 
of  tamping,  even  in  relatively  thin  layers,  will  give  the  dense  structure 
secured  by  a  wet  mixture,  moderately  tamped. 

The  early  strength  of  well-tamped  medium  mixtures  is  greater  than 
that  of  wet  mixtures.    The  elaborate  tests  made  by  Mr.  Rafter  indicate 
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that  the  strength  of  medium  wet  mixtures  is  greater  than  for  very 
wet  mixtures,  as  tested  for  periods  from  570  to  670  days.  Other 
experiments  show  that  after  the  lapse  of  from  three  to  six  months,  the 
strength  of  the  wet  mixtures  approximates  that  of  the  medium  mix- 
tures, and  in  some  cases  surpasses  it.  It  is  to  be  remembered  that 
laboratory  tests,  even  though  conducted  so  as  to  be  as  much  as  possible 
like  actual  work,  are  by  no  means  conclusive  when  all  the  conditions 
of  actual  work  are  considered.  From  my  experience,  I  think  the 
discount  due  to  a  possible  excess  of  water  is  more  than  compensated 
for  by  the  difficulties  in  securing  tamping,  and  the  neglect  in  watering 
and  keeping  wet  the  drier  mixtures,  without  which  they  suffer,  as  is 
generally  recognized. 

Placing  in  the  Work. — Forms  need  to  be  reasonably  water-tight,  to 
prevent  effluent  of  the  wet  mortar.  Where  fair  material  for  forms  is 
procured,  not  too  thin,  the  material  can  be  used  three  or  four  times, 
and  perhaps  in  some  cases  more  than  four.  The  timber  for  face  forms 
on  the  Subway  wall-work  is  two-inch  dressed,  grooved  and  tongued, 
and  can  be  turned,  on  repeated  use,  if  found  desirable.  Hasty  caulk- 
ing with  oakum  is  done  on  back  forms  where  not  as  fine  a  grade  of 
lumber  may  be  used,  or  where  the  labor  of  placing  it  is  reduced. 

Surface  Treatment. — ^The  speaker  has  sought  satisfactory  methods 
of  surface  treatment,  to  obviate  the  naked  appearance  of  even  well- 
faced  wodc.    The  futility  of  the  addition  of  extraneous  material, 
applied  after   forms  are  removed,  has  long  been  recognized,  and 
brushing  with  a  thin  grout  of  fine  sand  and  cement  is  the  most 
general  treatment.     I  understand  that  the  speaker  to  follow  has 
been  experimenting  to  secure  a  rough  finish,  and  I  hope  that  we  may 
hear  from  him  as  to  the  results.    I  have  seen  a  pebble  finish  applied 
to  the  surface  of  concrete,  which  in  some  cases  had  endured  several 
years*  exposure;  in  other  cases  slabs  of  mortar  comprising  the  matrix 
sustaining  the  pebbles  had  sloughed  off.    A  pebble  surface,  applied 
at  the  face  forms,  as  the  body  of  the  concrete  is  placed,  would  be 
durable,  and  could  be  utilized  in  connection  with  moulding,  to  effect 
coursing  where  desired.     Unevenness  of  color,  and  cracks  due  to  settle- 
ment or  other  causes,  are  masked  by  a  rough  surface  treatment,  and 
compensate  for  the  lack  of  the  opportunity  for  remedial  pointing, 
as  in  the  case  of  the  joints  in  stonework,  which  unfortunately  is  often 
found  convenient. 

Reinforced  Concrete  and  the  Subway  Work, — In  the  beginning  of 
the  speaker's  work  in  reinforced  concrete,  more  reliance  was  placed 
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on  the  adhesion  of  the  concrete  to  the  steel  reinforcement  than  he 
now  thinks  is  justified.  It  was  found  that  the  intensity  of  the  stress 
tending  to  rupture  the  adhesion  where  the  maximum  increment  of 
tension  is  imposed  on  the  bars  by  the  concrete,  became  too  large  a 
proportion  of  the  value  of  the  adhesion,  as  shown  by  the  most  recent 
tests,  and  formed  rods  were  adopted,  the  formed  rods  making  a 
mechanical  lock  to  the  concrete.  The  adhesion  is  more  or  less  affected 
by  the  disturbance  produced  by  the  deposition  and  tamping  of  the 
concrete,  rods  placed  horizontally  being  less  liable  to  this  disturbance 
than  when  placed  vertically.  In  placing  vertical  rods  within  the 
side-wall  forms,  they  are  shaken  more  or  less,  even  when  carefully 
held  by  templets  and  intermediate  wooden  braces  or  other  supports, 
so  that  the  formation  of  the  bond  between  the  steel  and  the  metal 
is  interrupted.  Another  factor  to  diminish  the  adhesion  between  the 
stee^  and  the  concrete,  is  that  in  narrow  vertical  forms  a  wet  mixture 
facilitates  filling  them  and  securing  close  contact  with  all  parts  of 
the  reinforcement,  as  it  is  difficult  to  tamp  thoroughly.  The  slight 
contraction  or  settlement,  noticeable  when  the  wet  mixture  is  used, 
produces  a  slight  downward  movement  of  the  concrete  about  the 
bars,  liable  to  interfere  to  some  extent  with  the  formation  of  the  bond 
between  the  steel  and  the  mortar.  In  many  cases  tamping  with  a 
drier  mixture  is  facilitated  by  adding  sections  of  the  forms  on  one 
face  as  the  concreting  progresses,  a  method  usual  in  building  columns 
or  pillars. 

In  order  that  you  may  better  underetand  the  views  to  be  shown, 
a  slide  will  now  be  exhibited,  which  has  been  prepared  from  the  tracing 
showing  the  cross-section  of  the  Subway  on  Market  Street.    You 
will  see  that  the  side-walls  are  of  reinforced  concrete,  and  that  the 
roof  consists  of  20-inch  steel  beams  with  concrete  jack-arches,  the 
beams  being  spaced  five  feet  apart.     It  may  be  noted  here  that  the 
original  design  for  the  roof  included  the  use  of  reinforced  concrete. 
The  methods  of  construction  contemplated  at  the  time  were  subse- 
quently modified,  a  more  detailed  or  partial  method  being  desired, 
which  was  facilitated  by  the  use  of  the  beams.     Running  longitudin- 
ally, and  just  inside  of  the  principal  rods  of  the  side-walls,  are  the 
smaller  distributing  rods  for  webbing,  and  to  increase^the  resistance  ^ 
cracking  due  to  probable  shrinkage,  and  temperature  changes.     Plr 
over  the  tops  of  the  roof  beams,  and  parallel  to  them,  are  she* 
wire  mesh,  with  the  principal  or  heavier  wires  transverse  to  the  li 
to  reduce  liability  of  cracking  in  the  concrete  over  the  top  fl^ 
which  leakage  might  enter  and  work  along  the  webs. 
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The  4-foot  9-inch  sewer  along  the  south  side-wall,  and  a  part  of 
the  sewers  along  the  north  wall,  are  of  reinforced  concrete.  The  sevper 
along  the  south  wall  is  being  built  along  with  the  side-wall,  the  trench 
being  opened  to  sufficient  width  to  pennit  the  construction  of  both. 
The  use  of  reinforced  concrete  for  these  sewers  was  adopted  to  render 
them  less  liable  to  fracture,  by  which  leaks  would  be  created  alongside 
of  the  Subway  walls,  as  more  or  less  disturbance  is  Uable  as  the  ex- 
cavation for  the  Subway  proceeds. 

A  drain  is  placed  under  each  of  the  two  outside  tracks,  with 
laterals  every  fifty  feet,  extending  to  the  exterior  of  the  base  of  the 
side-walls.  The  main  drains  lead  to  sumps  served  by  piunps.  These 
drains  serve  temporarily  to  facilitate  keeping  the  excavation  dry 
during  construction.  From  knowledge  secured  during  the  excavation 
for  the  sewers,  before  the  Subway  proper  was  begun,  it  was  assumed 
as  improbable  that  any  large  quantity  of  water  would  have  to  be 
permanently  handled  if  the  drains  were  built.  By  this  arrangement 
there  is  no  attempt  to  exclude  water,  by  which  a  head  would  be 
placed  on  the  side-walls,  and  the  entire  structure  should  be  drier. 
The  depth  of  this  part  of  the  Subway,  and  the  attendant  conditions, 
are  favorable  to  this  treatment,  often  not  permissible.  Waterproofing 
is  placed  on  the  roof  and  side-walls. 

HENRY  H.   QUIMBY. 

Mr,  President  and  Gentlemen:  The  masonry  part  of  some  of  the 
bridges  that  have  been  built  recently  by  the  city  of  Philadelphia,  and 
some  under  construction  now,  is  concrete,  either  straight  or  in  com- 
bination with  steel.  At  the  request  of  the  Information  Conamittee, 
and  by  permission  of  Chief  Webster,  I  have  here,  to  present  on  the 
screen,  the  plans  of  some  of  these  structures,  that  may  contain  fea- 
tures of  interest.  No.  1  is  a  view  of  the  northeast  abutment  of  the 
Seventeenth  Street  bridge  across  the  Reading  Railroad,  at  the  inter- 
section of  Indiana  Avenue,  beyond  the  old  Sixteenth  Street  station. 
The  bridge  is  a  132-foot  through-truss  span.  The  masonry  is  all 
concrete,  1-3-6,  with  granite  pedestal  blocks  under  the  truss  shoes. 
Because  of  the  skew  the  length  of  this  abutment  is  nearly  140  feet, 
with  the  wings  in  almost  a  direct  line,  in  which  we  have  provided  no 
expansion  joints,  or  rather  contraction  joints,  as  periiaps  they  are 
better  called.  The  only  provision  against  transverse  cracks  consists 
of  five  steel  rods,  H  inches  square,  imbedded  below  the  level  of  the 
bridge  seat  and  continued  to  the  ends  of  the  wings.    The  abutment 
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was  built  in  hot  weather  and  has  been  exposed  to  the  weather  on 
both  sides  until  now,  and  is  probably  thoroughly  chilled  by  this  time, 
and  no  cracks  have  developed  anjrwhere.  The  work  is  founded  on 
dry  gravel  six  feet  below  the  rails. 

No.  2.  This  is  a  photographic  view  of  the  south  abutment  of  the 
same  bridge,  built  the  same  as  the  north  abutment.  It  shows  the 
scoring  of  the  face  into  courses  and  blocks  similar  to  ashlar  masonry. 
This  is  not  for  the  purpose  of  imitating  stone,  but  it  conceals  defects 
of  joints  between  layers,  and  prevents  the  eye  from  seeing  the  effect 
of  warps  in  the  planks  of  the  face  forms,  and  gives  a  pleasanter  ap- 
pearance to  the  work  besides.  The  scoring  is  accomplished  by  tack- 
ing half  round  beads  to  the  planks  of  the  forms,  and  their  imprint 
is  left. 

No.  3.  Plan  of  one  of  the  piers  of  Passyunk  Avenue  Bridge  across 
the  Schuylkill  at  Point  Breeze.  Only  one  abutment  and  four  of  the 
piers  of  that  bridge  are  under  contract  as  yet.  Councils  not  having 
made  appropriation  for  more  than  that  portion  of  the  bridge.  The 
foundations  are  piles  which  are  driven  to  rock.  The  plimib  or  bear- 
ing piles  are  from  50  to  60  feet  long.  The  spur  or  batter  piles  from 
60  to  70  feet  long.  The  mud  is  so  soft  that  the  piles  entered  it  a 
distance  of  twenty  to  thirty  feet,  below  the  bottom  of  the  ten-foot 
deep  excavation,  by  their  own  weight  and  that  of  the  four  and  a 
half-ton  hammer  on  them,  before  a  blow  was  struck.  The  top  ends 
of  the  piles  are  surroimded  by  a  bed  of  concrete  four  feet  deep.  As 
the  bearing  power  of  the  mud  is  so  imcertain,  the  principal  office  of  this 
bed  of  concrete  is  to  firmly  fix  the  top  ends  of  the  piles,  stiffening 
them  against  buckling  imder  their  load.  In  order  to  prevent  any 
possible  splitting  of  this  concrete  along  the  lines  of  the  outer  piles,  it 
has  been  reinforced  with  |-inch  steel  rods,  forming  loops  aroimd  the 
outer  piles  and  extending  back  6  feet  into  the  block.  They  are  im- 
bedded about  six  inches  above  the  bottom  of  the  layer.  The  two 
longitudinal  timbers,  against  which  the  batter  piles  chock,  are  12 
inches  by  12  inches,  as  are  also  the  caps  of  the  piles.  Three  longitudinal 
2-inch  rods  are  imbedded  in  the  base  of  the  neat  work,  and  three 
similar  rods  along  the  top,  to  prevent  any  possible  cracking  trans- 
versely. There  is  a  wire  net,  or  expanded  metal  to  be  imbedded  in 
the  coping  layer  to  prevent  longitudinal  cracks,  and  the  capping 
of  the  piles  is  expected  to  prevent  longitudinal  cracking  at  the  bottom. 
The  bearing  blocks  or  pedestals  for  the  bridge  trusses  are  granite. 

No.  4.  Plan  of  the  west  abutment  of  the  same  bridge.    Foimdations 
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similar  to  the  pier  just  shown,  only  necessarily  lai^ger  in  area.  The 
passive  character  of  the  bottom  made  necessary  a  platfonn  under  the 
back  filling,  also  supported  on  piles,  and  the  forward  thrust  of  the 
mud  under  the  approach  embankment  is  taken  care  of  with  atKwit 
ninety  spur  piles.  The  possibility  of  an  embankment  being  built  on 
the  mud  along  one  side  of  the  bridge,  induced  the  use  of  transverse 
spur  piles  at  each  end  of  the  abutment  and  piers.  The  face  of  the 
abutment  has  a  batter  of  1  in  8,  and,  in  addition,  the  toe  is  extended 
to  distribute  the  load  evenly  over  all  the  foundation  piles.  The  over- 
turning effect  of  the  earth  fill  back  of  the  abutment,  together  with  the 
vertical  pressure  from  the  three  steel  trusses  of  100-foot  span,  and 
the  weight  of  the  concrete  body,  is  uniformly  distributed  over 
the  plumb  piles,  giving  to  each  a  load  of  13  tons.  The  projection 
of  the  toe  is  an  inverted  cantilever  in  which  the  tension  is  taken  by 
1-inch  square  steel  rods  spaced  twelve  inches  apart,  and  the  projec- 
jection  at  the  ends  is  taken  care  of  in  the  same  way;  so  that  there 
is  a  mattress  of  1-inch  square  rods  throughout  the  base  of  the  abut- 
ment. This  cantilever  construction  is  an  interesting  feature  of  the 
design  and  is  practicable  only  in  concrete  masonry. 

No.  5.  Plan  of  Stokley  Street  Bridge  abutments,  just  west  of  the 
Chestnut  Hill  branch  of  the  Pennsylvania  Railroad,  carrying  Stokley 
Street  across  the  Richmond  Branch  of  the  Reading  Railroad.  The 
bridge  is  a  56-foot  clear  span,  sixty  feet  wide,  and  the  abutments,  with 
the  wings,  are  120  feet  long.  There  are  no  expansion  joints  in  them. 
Rods  are  provided  for  imbedding  in  the  top  of  the  back  wall  of  each 
abutment.  Both  abutments  are  at  this  time  finished  up  to  the  bridge 
seats  and,  as  the  back  walls  have  been  left  to  be  built  after  the  steel 
work  is  riveted,  the  rods  are  not  yet  in  the  work.  In  all  this  cold 
weather  the  abutments,  which  were  built  in  warm  weather,  have 
been  exposed  on  both  sides,  but  there  are  no  cracks  anywhere  in 
them.  Indications  are  that  expansion  joints  are  not  needed  in  that 
length  of  wall.  There  is  a  6-foot  sewer  passing  underneath  the  abut- 
ments. 

No.  6.  Plan  of  concrete-steel  arch  on  the  line  of  Frankford  Avenue, 
over  Poquessing  Creek  one  mile  above  Torresdale.  Span  71  feet  in 
the  clear;  rise  9^  feet;  curve  segmental,  wdth  line  of  thrust  always 
within  middle  third  of  ring;  bridge  sixty  feet  \^ide;  sixteen  latticed 
steel  ribs,  each  made  of  2^  X  2^  X  i^  inch  angles  laced  with  2  X  i 
inch  bars.  The  ribs  are  tied  together  transversely  with  angle  struts. 
The  parapet  is  of  concrete  with  steel  rods  imbedded.    There  will 
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be  no  steel  exposed  anywhere  on  the  bridge  and  probably  nothing 
about  it,  except  the  paving,  will  require  attention  for  maintenance 
in  our  time.  The  arch  ring  is  16  inches  thick  at  the  crown,  and  3 
feet  4  inches  at  the  springing  line,  giving  everywhere  3  inches  of  con- 
crete over  the  steel.  The  compression  at  the  crown,  due  to  the  total 
load,  is  such  that  if  the  load  be  wholly  carried  by  the  concrete  the 
unit  stress  will  be  240  pounds  per  square  inch.  If  it  should  be  all 
carried  by  the  steel,  the  steel  would  be  strained  to  thirty  thousand 
pounds  per  square  inch.  The  division  of  the  stress  between  the  two 
materials  will  depend  less  upon  their  relative  areas  and  moduli  of 
elasticity  than  upon  the  method  employed  in  erection.  The  effects 
of  the  shrinkage  of  the  concrete  in  the  shortening  of  the  imbedded 
steel  and  residting  initial  compression  in  it,  will  depend  largely  upon 
the  method  of  procedure  in  placing  the  concrete.  If  the  steel  ribs 
be  supported  on  the  centering,  as  is  usual  if  not  universal,  and  the 
concrete  placed  aroimd  them,  working  from  the  abutments  toward 
the  crown,  the  steel  will  be  in  very  considerable  tension  at  the  crown 
before  keying,  and  therefore  its  action  in  service  after  keying,  doubt- 
ful. If,  on  the  other  hand,  the  steel  ribs  are  in  compression  to  start 
with  and,  in  their  capacity  of  an  arch,  support  both  their  own  weight 
and  that  of  the  arch  ring  as  it  grows,  they  will  be  certain  to  take  a, 
"fair  share  of  the  total  load.  I  therefore  suggest  both  the  practicability 
and  the  desirability  of  utilizing  the  steel  ribs  for  carrying  the  center- 
ing, and  thereby  dispensing  with  falsework.  This  of  course  can  be 
done  only  when  the  steel  is  in  large  units,  as  in  the  bridge  just  shown, 
and  is  not  possible  where  the  steel  is  in  small  units,  as  in  the  Edwin 
Thacher  design. 

The  sketch  on  the  screen  illustrates  the  proposed  order  of  procedure. 
Suspend,  with  easily  detachable  hangers  from  the  steel  ribs,  the  lines 
of  joists  needed  to  carry  the  lagging.  Erect  forms  on  the  lagging, 
to  divide  the  arch  into  transverse  sections,  at  distances  apart  to  be 
determined  by  the  amount  of  concrete  that  can  be  placed  daily,  the 
complete  sections  resembling  voussoirs.  With  the  proper  order  of 
succession  in  placing  the  sections,  being  careful  to  always  deposit 
the  concrete  in  corresponding  sections  on  opposite  sides  simulta- 
neously, the  eccentricity  of  the  line  of  thrust  of  the  growing  load  will 
be  so  slight  that  the  steel  arch  will  not  be  appreciably  deformed,  and, 
as  by  the  hardening  of  the  successive  sections  the  reinforcement  of 
the  steel  will  proceed  with  the  increase  of  the  weight  to  be  carried, 
the  maximum  stress  in  the  steel  will  be  reached  only  when  the  rein- 
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forcement  is  almost  complete.  After  the  concrete  ring  is  closed,  there 
can  be  no  deforming  influence  except  the  filling,  which  will  merely 
make  up  the  permanent  and  synmietrical  load.  By  this  method 
we  will  get  a  finished  arch  that  will  have  absolutely  no  deformation 
after  it  is  keyed.  The  only  deformation  during  the  construction 
will  be  from  the  compression  of  the  steel,  which  will  shorten  and  cause 
a  slight  flattening  of  the  curve  of  the  arch.  In  the  case  of  the  Poques- 
sing  Creek  bridge,  shown  a  moment  ago,  the  total  pressure  per  square 
inch  on  the  steel,  due  to  the  weight  of  lagging  and  concrete,  would 
be  something  over  thirteen  thousand  pounds,  and  this  will  cause  the 
steel  ribs  to  shorten  just  about  as  much  as  the  concrete  around  them 
will  contract  in  shrinking — an  ideal  condition.  If  a  concrete  arch 
be  built  on  falsework  centering,  when  the  supports  are  withdrawn 
there  will  very  likely  be  some  deformation  of  it.  Some  arches  rise 
at  the  crown  and  others  deflect;  the  action  depends  probably,  in  part, 
on  the  composition  of  the  concrete  and  the  proportions  at  different 
parts  of  the  ring;  but  most  largely  on  the  way  in  which  the  concrete  is 
put  in.  At  any  rate,  no  man  seems  to  be  able  to  determine  in  advance 
what  the  action  will  be.  If  the  shape  of  the  arch  is  changed  after 
it  is  keyed  and  set,  certainly  initial  stresses  are  set  up — ^unbalanced, 
perhaps  excessive:  what  they  are  we  can  never  determine,  and  we 
do  not  know  how  destructive  they  may  eventually  be  in  concrete. 

I  have  another  suggestion  to  make,  which  is  in  connection  with  the 
design  of  reinforced  concrete  arches,  and  which,  I  think,  fairly  comes 
under    Professor    Marbui^'s    subheading    of    applications.    Perh^s 
the  better  way  to  build  a  composite  arch  is  not  to  put  the  steel  in  a 
longitudinal  direction,  as  in  the  design  just  shown,  or  as  in  the  Thacher 
plan,  but  to  put  all  the  steel  in  a  direction  normal  to  the  line  of  strain — 
radial  to  the  curve  of  the  arch,  corresponding  to  the  position  of  the 
joints  of  the  voussoirs  of  a  stone  arch,  thus  using  steel  only  to  bind 
the  concrete  together,  which  will  both  increase  its  crushing  strength 
and  prevent  its  ever  splitting  into  fragments.     Expanded  metal  or 
woven  wire,  of  section  to  be  determined  by  experiment  and  judgment 
rather  than  calculation,  thus  imbedded  in  the  mass  of  concrete,  will 
act  as  "hooping"  to  resist  the  bursting  effect  of  pressure,  and  if  there 
should  ever  develop  a  tendency  to  separation  of  the  steel  and  cement, 
any  breaking  of  the  bond  of  union,  or  any  swelling  of  the  steel  from 
rust,  the  transverse  reinforcement  will  never  operate  to  split  up  the 
arch   ring,   whereas  longitudinal   reinforcement  would,   under  such 
conditions,  become  a  disintegrating  factor.    Of  course  such  an  arch 
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must  be  designed  as  a  stone  arch  would  be — of  shape  to  avoid  tension 
at  any  point. 

In  order  to  test  this  theory  of  construction  I  had  two  lots  of  con- 
crete cubes  made  ten  days  ago,  some  plain  and  some  reinforced,  and 
crushed  them  to-day.  In  one  lot  the  reinforcement  was  expanded 
metal  in  a  horizontal  plane  at  the  middle  of  tfie  cubes,  and  in  the  other 
lot  the  metal  was  light  woven  wire  placed  vertically.  Of  the  first 
lot  the  armored  cubes  were  about  30  per  cent,  stronger  than  the  plain, 
and  of  the  other  lot,  where  the  steel  was  in  the  direction  of  the  pres- 
sure and  too  light  to  have  any  resistance  to  compression,  the  plain 
cubes  were  a  little  higher  in  crushing  resistance  than  the  armored. 
The  cubes  were  only  ten  days  old,  but  the  expanded  metal  in  one  of 
the  first  lot  was  ruptured,  indicating  that  the  metal  was  light  for  the 
duty,  and  a  much  higher  percentage  of  gain  in  strength  will  be  obtained 
with  heavier  reinforcement.  These  tests  are  not  claimed  to  be  at  all 
conclusive,  but  they  seemed  to  me  to  confirm  the  theory  that  steel 
imbedded  in  an  arch  in  a  radial  direction,  at  distances  apart  equal 
to,  say,  half  the  thickness  of  the  ring  at  any  point,  would  give  the 
most  value  in  strength  and  durability.  The  theory  does  not  depend 
wholly  upon  the  increased  value  of  the  armored  cube — upon  its  in- 
creased resistance  to  crushing,  but  also  upon  its  preservative  effect 
on  the  concrete.  The  expanded  metal  in  these  cubes  was  about  one- 
twelfth  inch  in  thickness  and  expanded  into  meshes  one-inch  size. 
The  idea  did  not  occur  to  me  long  enough  ago  to  enable  me  to  get 
cubes  older  than  ten  days  for  tests. 

There  are  two  things  in  connection  with  the  working  of  concrete 
that  I  want  to  speak  of.    One  is  a  more  eSicient  form  of  rammer  than 
any  of  those  now  in  use,  and  the  other  is  the  surface  finish  to 
which  Mr.  Mills   referred.    If  the   concrete  to  be  used  is  of  such 
consistency  that  it  requires  ramming  to  compact  it,  then  the  instru- 
ment should  be  one  that  will  have  penetration  ag  well  a.^  weight.     I 
noticed  that  Professor  Marburg,  in  referring  tn  that  operation,  called 
it  "tamping."     I  think  that  he  did  not  use  the  word  ''ramming"-^ 
all.     I  think  it  should  be  rammed  if  it  be  stiff— not  \mupf 
rammed.    An  ordinary  pickax  will  do  fairly  good  work,  but 
much  of  it.    A  railroad  irat-kman'B  tmil  for  tarnping  thv  baUi 
ties  is  much  better,  because  it  is  bhmtw  apf 

do  good  work,  but  we  cannot  expect  thi  lOU 

on  it.    The  logical  outcome  of  such  m 
[exhibiting  ranuner].     It  is  merely  th» 
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larged.  It  has  penetration.  The  operator  has  merely  to  raise  it, 
and  its  weight — 30  pounds — ^will  do  the  rest.  It  might  be  better  if 
a  little  heavier,  and  would  probably  stand  forty  pounds.  The  paver's 
ranmier  is  fifty  pounds  in  weight,  and  therefore  this  ought  not  to  be 
a  burden  to  the  man  to  work.  This  instrument  has  been  m  use  at 
different  points.  It  is  the  only  one  in  existence  so  far  as  I  know. 
It  does  satisfactory  work  from  the  engineer's  standpoint.  How  the 
contractor  regards  it  I  do  not  know,  but  I  think  that  the  contractor 
ought  to  be  satisfied  with  it  if  he  is  required  by  one  means  or  another 
to  get  his  concrete  compact  and  filled.  Possibly  the  most  "  all  'round  " 
satisfactory  work  will  be  done  by  mixing  the  concrete  to  such  con- 
sistency that  it  does  not  require  any  more  ramming  than  the  tramp- 
ing of  the  laborer  in  it  and  the  poking  with  his  shovel.  Men  who  have 
been  used  to  stiff  concrete  are  somewhat  startled  to  see  the  "soup" 
that  nowadays  is  poured  into  moulds,  and  it  seems  to  be  a  revelation 
to  them  to  find  that,  after  the  forms  are  taken  off  of  that  concrete, 
it  rings  to  the  hammer. 

In  regard  to  the  finish  of  face  work — my  method  is  simply  to  wash 
it  with  water,  but  do  it  when  the  concrete  is  green — to  take  the  forms 
off  before  the  concrete  is  hardened — after  it  has  set  up  and  has  suffi- 
cient strength  to  maintain  itself  and  the  load  of  a  few  layers  above 
it  perhaps,  but  not  after  it  has  hardened.  In  summer  weather,  I  find 
that  the  ordinary  concrete  is  just  about  right  to  wash  and  finish  in 
twenty-four  hours  after  it  is  laid.  I  noticed  some  recently  that  had 
been  in  the  forms  for  over  a  week,  during  the  cold  weather,  and  when 
the  forms  were  taken  off,  it  was  a  little  too  green  to  finish  smooth, 
but  just  right  to  wash  up  rough.  This  method  is  cheaper  than  any 
other  I  know  of,  and  it  is  very  much  handsomer  and  I  believe  very- 
much  more  durable.  I  have  some  specimens  of  different  mixtures 
here.  This  is  a  mixture  of  cement,  gravel  and  trap  rock  screenings. 
That  may  be  rubbed  fairly  smooth  if  permitted  to  get  hard  and  rubbed 
with  a  brick.  Water  must  be  used  freely.  If  the  work  be  green 
enough,  all  you  have  to  do  is  to  squirt  water  on  it  with  a  good  nozzle 
pressure.  The  whole  process  consists  of  removing  the  cement  from 
over  and  around  the  gravel  and  grit,  getting  rid  of  the  rich  cement 
surface,  which  is  subject  to  hair  cracks,  and  exposing  the  clean  stone 
or  sand  of  the  face.  This  is  a  facing  of  limestone  gravel  and  sand. 
This  has  not  been  sufficiently  washed.  You  can  see  that  the  cement 
has  not  all  been  taken  off.  This  is  a  sand  finish.  Here  are  different- 
proportions  of  trap  rock  screenings  and  cement.    The  only  sand  in 
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th^n  is  fine  particles  of  the  crushed  stone.  Here  is  a  still  rougher 
surface.  It  is  a  matter  of  taste  which  you  prefer.  The  probability 
is  that  the  rough  surface  is  the  most  durable  that  you  can  get  with 
plastic  materials. 

COMMUNICATED  DISCUSSIONS. 

OEOROE  S.   WEBSTER. 

In  concrete  construction  it  has  been  found  that  a  greater  quantity 
of  ingredients  may  be  incorporated  in  a  given  section  when  the  con- 
crete is  made  with  a  large  percentage  of  water  than  when  made  with  a 
small  percentage.  It  is  also  found  that  a  wet  mixture  gives  a  smoother 
surface  and  results  in  a  more  compact  wall. 

On  the  Delaware  Avenue  improvement  the  contents  of  a  barrel  of 
Portland  cement  were  determined  to  be  3§  cubic  feet,  and  all  sand 
and  stone  scales  were  made  accordingly.  The  concrete  was  made 
1-3-6 — cement,  3f  cubic  feet;  sand,  11  cubic  feet;  stone,  22  cubic  feet. 
If  the  voids  were  just  filled,  then  one  barrel  of  cement  would  make 
22  cubic  feet  of  concrete.  The  broken  stone  was  graded  in  size  and 
the  sand  used  was  New  Jersey  bank  sand.  This  also  was  graded  in 
size. 

The  construction  of  a  section  of  the  bulkhead  wall  at  Chestnut 
Street,  on  timber  platform,  containing  38.0  cubic  yards  when  built  dry 
and  rammed  by  ordinary  labor,  without  any  special  care,  required  44 
batches;  each  batch  therefore  contained  23.3  cubic  feet.  A  similar 
section  of  wall,  when  built  very  wet,  held  45^  batches,  each  containing 
therefore  22.54  cubic  feet.  Similar  experiments  were  piade,  and  in 
all  cases  it  was  found  that  a  wall  built  of  wet  concrete  was  the  more 
compact,  and  contained  a  larger  quantity  of  ingredients. 

CHARLES   H.    UMSTEAD. 

The  subject  is  a  very  broad  one,  and  a  single  phase  of  it  could 
hardly  be  covered  in  one  discussion.  Concrete  enters  into  nearly 
every  structure  which  the  engineer  designs  to-day,  and  it  would  be 
well  for  the  Club  to  divide  the  subject  into  three  or  four  parts,  dis- 
cussing each  part  separately,  so  as  to  avoid  repetition. 

It  would  be  very  fortunate  for  us  all,  were  a  committee  appointed 
similar  to  the  one  about  to  be  appointed  by  the  American  Society  of 
Civil  Engineers  on  "Concrete  and  Steel-Concrete,"  to  investigate  the 
proper  mixtures  and  their  best  application  from  an  economical  stand- 
point. 
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Our  positive  knowledge  concerning  this  material  is  very  meager, 
considering  the  number  of  engineers  concerned  in  its  use.  It  is  true 
that  we  have  tabulated  a  lot  of  results,  but  they  are  neither  correlated, 
nor  do  they  agree.  Each  corporation  sets  up  its  own  little  laboratory, 
and  declares  that  its  methods  are  correct  and  that  it  must  follow 
that  its  neighbors  are  wrong.  What  we  need  is  a  unification  of 
concrete  tests;  a  "clearing-house"  to  which  all  conflicting  results  can 
be  referred.  Until  this  is  done,  our  progress  in  defining  the  properties 
of  the  new  material  must  be  extremely  slow  and  erratic. 

The  Germans  and  French  have  data  and  records  concerning  this 
material  which  we  have  never  dreamed  of,  and  which  must  remain  a 
closed  book  to  all  except  those  who  are  fortunate  enough  to  know 
how  to  read  technical  records  in  these  languages.  Their  engineers  have 
long  ago  given  up  methods  of  application  of  concrete,  which  we  are 
holding  to  tenaciously,  simply  because  our  concrete  laboratories  have 
not  revealed  our  mistakes. 

About  ten  years  ago  many  of  the  concrete  specifications  called  for 
a  physical  test  of  Portland  cement,  the  requirements  ranging  from 
200  to  400  pounds  per  square  inch  in  tension,  with  the  exception  of 
those  issued  by  the  Department  of  Public  Works  in  the  city  of  Phila- 
delphia, which  has  always  demanded  about  50  to  100  pounds  above 
the  general  requirements  in  practice.    This  was  due  to  the  facilities 
afforded  for  rapid  testing  in  their  cement  laboratory,  it  being  the 
pioneer  laboratory,  so  far  as  tests  over  long  periods  are  concerned.     Of 
late  yeans  many  other  laboratories  have  been  equipped,  modeled  in  a 
measure  after  this  one,  and  the  result  is  that  now  the  designing  engineer 
can  reasonably  expect  and  has  specified  American  Portland  cement 
havhig  a  tensile  strength  of  650  pounds  per  square  inch,  and  I  am 
told  that  in  a  recent  contract  in  New  York,  involving  many  thousand 
cubic  yards  of  concrete,  a  tensile  strength  of  750  pounds  in  twenty- 
eight  days  was  guaranteed  under  bond. 

In  supervising  the  breaking  of  a  large  number  of  test-pieces,  repre- 
senting more  than  twenty  brands  of  American  Portland  cement,  during 
the  past  few  years,  the  writer  has  noticed  that  it  was  the  usual  occur- 
rance  for  the  machine  to  register  above  750  pounds  in  tension  per 
square  inch,  and  very  rarely  below  650  pounds  in  a  twenty-eight-day 
test.  Referring  again  to  the  older  specifications  for  concrete,  requiring 
only  300  to  400  poimds  in  twenty-eight  days  for  the  cement  in  tension, 
we  also  find  that  the  usual  mixture  required  was  1-2-4  and  1-3-6. 
The  latter  mixture  being  used  only  in  ver>'  large  masses.     To-day  we 
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specify  600  to  700  pounds  per  square  inch  in  twenty-eight  days  for 
neat  Portland  cement  and  often  find  records  of  900  to  1000  pounds 
in  our  cement  laboratories,  i.  e,,  300  pounds  above  requirements.  In 
the  specifications  of  to-day,  the  former  mixtures,  1-2-4  and  1-3-6, 
are  maintained.  We  can  only  conclude,  that  either  we  designed  our 
concrete  structures  ten  years  ago  with  too  low  a  factor  of  safety,  or 
to-day  we  are  wasting  the  money  of  our  clients,  by  expending  it 
where  it  is  not  necessary.  On  the  other  hand,  if  a  1-2-4  mixture 
was  on  the  side  of  safety  ten  years  ago,  it  follows  by  analogy  that 
concretes  made  from  a  1-4-7  mixture  with  the  improved  and  finely- 
ground  Portland  cements  of  to-day,  are  equally  safe  and  durable.  In 
older  countries,  even  a  leaner  mixture  is  regularly  specified  for  impor- 
tant works,  with  good  results.  The  cement  manufacturer  need  have 
no  fear  of  the  possible  curtailment  of  his  product,  should  the  designing 
engineers  specify  this  change.  "  Dollar  cement "  will  become  as  popular 
as  "dollar  gas,"  its  cheapness  leading  to  an  enormous  demand  for  it. 

The  other  ingredients,  rock,  sand  and  gravel)  not  being  considered 
so  much  as  objects  of  manufacture,  do  not  receive  the  close  attention 
which  they  require.  In  an  important  concrete  construction,  sustain- 
ing heavy  concentrated  loads,  the  crushed  stone  and  sand  should 
become  as  much  the  subjects  of  critical  tests  as  does  the  cement. 
There  is  doubtful  economy  in  using  a  cement  bought  and  tested  to 
stand  600  to  700  poimds  per  square  inch  with  crushed  stone  which  is 
friable,  or  with  sand  and  gravel  which  contain  silt  and  clay  in  measur- 
able quantities. 

The  crushed  stone  delivered  to  an  important  job  should  be  tested 
frequently  by  some  of  the  short  laboratory  tests,  for  absorptive  quali- 
ties, for  abrasion,  and  for  specific  gravity.  Stone  with  a  specific 
gravity  of  at  least  2^^  should  be  demanded,  if  the  locality  will  yield  it; 

and  Li  nui,  itliv  liun^  U^^>  mtUi  J.^^  y^ln^^\u^  i»'  l>-ji  rnu,       i  i  m  ■  ^;l]  if.i  Ejhould 

be  tested  for  silt^  for  voids,  and  for  fineness;  the  silt  and  foreign 
matter  being  expressed  as  a  percentage  of  the  original  drj-  weight  of 
the  gand  as  delivered,  "^lif**^  ^'^  ™=***  cent,  by  weight  passes  a  number 
30  sieve,  this  fact  should  ^  rejection,  dp]>rnditig  upon  the 

importance  of  ffje  work^ 

The  results  of  toiti!  |  various  sizt?s  of  mi\<]  grains 

upon  the  strength  of,  will  lie  found  n^crmled  in 

the  **  Journal  of  tK  ^y  Mr.  Wheeler  anrl  Mr. 

Cooper  of  the  U.  #  v  M  Feret,  of  liuulogne, 

France  Jn  the*'AE 
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The  water  is  an  important  ingredient,  both  in  its  chemical  and  physi- 
cal action  upon  the  concrete.  The  failure  of  the  majestic  concrete  and 
granite  docks  at  Aberdeen  shook  the  confidence  of  European  engineer 
in  this  material  for  a  long  time.  Upon  examination  by  some  of  tht 
most  noted  engineers  and  chemists  in  Europe,  it  was  decided  that  tfe 
failure  was  caused  by  the  chemical  action  of  the  sea-water  on  the 
concrete,  aided  at  some  points  by  the  frost.  Recently  the  practice  <d 
mixing  sea- water  with  concrete  has  revived  in  this  country  with  doubt- 
ful predictions  as  to  the  result.  This  has  occurred  mostly  in  harbor 
works  where  fresh  water  or  rain-water  is  accessible  only  in  very  sm^ 
quantities.  Our  chemists  do  not  predict  with  any  certainty  what 
action  will  take  place  upon  our  concrete  structures  founded  in  sea- 
water.  We  do  know  that  existing  structures  present  a  very  rough  and 
unfinished  exterior  after  being  subjected  to  the  action  of  the  sea  for 
a  year  or  two.  Whether  or  not  this  is  due  to  the  salt  in  the  water 
alone,  or  to  the  combined  action  of  the  salt  and  the  force  of  the  wav^, 
our  chemists  should  be  prevailed  upon  to  assume  the  province  of 
determining.  The  real  cause  of  the  apparent  breakdown  of  our  cxm- 
Crete  piers  and  breakwaters  founded  in  sea-water,  as  influenced  both 
by  freezing,  and  the  action  of  salt,  should  be  known. 

Professor  Michaelis  of  Berlin  has  started  such  tests  from  a  laboratory 
standpoint,  and  a  committee  is  expected  to  report  upon  the  subject 
in  St.  Petersburg  some  time  in  1904. 

The  deposition  of  concrete  into  large  open  caissons,  was  tested  by 
General  Newton,  U.  S.  Army,  in  New  York  Harbor.  He  found  that 
at  the  end  of  each  day's  work,  a  coating  of  light  material,  with  no 
cementing  properties,  covered  the  top  of  the  concrete.  The  concrete 
deposited  on  the  following  day  would  not  adhere  to  that  which  was 
deposited  on  the  day  previous.  When  this  caisson  was  hoisted  from 
the  bottom  of  the  harbor  with  its  enclosed  block  of  concrete,  it  was 
found  upon  removal  of  the  wooden  molds,  that  there  were  as  many 
distinct  blocks  of  concrete  as  there  had  been  days  upon  which  the 
operation  took  place. 

This  method  of  building  harbor  works  had  long  since  been  aban- 
doned by  every  harbor  engineer  in  Europe,  and  the  only  reason  known 
why  General  Newton  should  have  made  this  test,  is  that  he  wished 
to  determine  whether  or  not  the  American  Portland  cements  contained 
the  same  deleterious  substances  found  in  the  imported  German  cement 
of  that  day. 

The  practice  seems  to  be,  to  deposit  concrete  for  harbor  work  either 
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in  closed  caissons^  or  in  open  caissons  which  have  been  made  water- 
tight and  pumped  perfectly  dry. 

In  building  concrete  works  far  out  to  sea,  the  use  of  salt  water 
will  greatly  economize  the  first  cost  of  construction,  but  whether  the 
lasting  qualities  of  the  work  will  have  been  jeopardized  by  its  use, 
remains  to  be  determined,  and  in  a  few  cases  which  have  come  to  the 
writer's  notice,  we  will  not  have  to  wait  very  long. 

A  few  engineers  have  specified  that  no  dyiiamite  should  be  used  in 
quarrying  out  the  rock  in  sizes  suitable  for  the  crushers,  believing  that 
the  stone  would  be  unfit  for  important  works.  In  the  same  specifica- 
tion you  will  find  a  clause  permitting  the  stone  to  be  heated  to  an 
abnormally  high  temperature  to  drive  out  the  frost  in  severe  cKmates. 
This  heating  of  the  stones  is  of  doubtful  benefit  to  the  concrete,  unless 
the  temperature  of  the  heating  apparatus  is  within  the  control  of  the 
operator. 

The  method  of  heating  stone  for  concrete  most  commonly  used  in 
the  Eastern  States,  is  to  build  a  wood  fire  inside  a  large  section  of  A 
discarded  steel  tank  or  smokestack,  laid  horizontally  on  the  ground, 
and  a  ton  or  two  of  crushed  stone  is  heaped  over  the  heated  cylinder. 
The  result  is  evident.  The  stones  in  contact  with  the  cylinder  are 
overl^ated  and  consequently  weakened  long  before  the  stones  on  top 
of  the  heap  have  been  warmed  sufficiently  to  drive  out  the  frost.  A 
furnace  so  designed  that  heated  air  of  a  known  temperature  can  be 
blown  over  and  through  the  pile  of  crushed  stone  is  necessary  for 
safe  concrete  construction  in  times  of  frost  or  extremely  low  tem- 
peratures. 

Applicatian. — On  heavy^  concrete  works,  where  vertical  faces  will 
be  exposed  to  view,  and  it  is  desirable  to  have  ver}'  few  if  any  marks 
showing  between  the  succeeding  layers,  the  writer  proceeds  as  fol- 
k>ws:  At  the  end  of  a  day's  work,  or  of  a  horizontal  section,  the 
surface  is  rammed  hard  and  troweled  to  a  hard,  glassy  finish,  the 
same  as  found  on  our  best  concrete  sidewalks,  care  being  taken  to 
have  this  horizontal  surface  perfectly  level  where  the  joint  is  to  occur, 
and  for  a  space  of  three  or  four  inches  from  the  edge.  Next  morning, 
this  surface  is  washed  thoroughly,  and  when  nearly  dr\',  neat  cement 
is  deposited  uniformly  over  the  surface  through  a  number  50  sieve 
to  a  depth  of  ^^  ^^  ^^  inch.  The  concrete  for  the  succeeding  layer  is 
then  firmly  rammed  until  the  moisture  is  barely  sufficient  to  take  up 
the  thin  coating  of  neat  cement.  If  care  is  used,  the  joint  will  be 
horizontal,  and  will  not  be  visible  except  upon  ver>'  close  examination. 
5 


136  Communicated  Discussions — Concrete. 

The  layers  of  concrete  at  the  rear  of  the  four-inch  strips  are  aJwavi* 
made  as  rough  as  possible  before  setting  takes  place. 

Efficient  ramming  of  concrete  will  increase  its  strength  from  10  to 
50  per  cent,  over  that  which  has  been  only  dumped  into  position. 

It  is  often  specified  for  heavy  concrete  walls  for  harbors  that  the 
exposed  vertical  faces  shall  be  followed  up  with  one  inch  of  concrete 
with  all  large  stones  eliminated,  or  with  a  strong  cement  mortar,  and 
to  be  carried  up  at  the  same  time  with  the  concrete  backing.  A 
number  of  expensive  harbor  w^orks  have  been  made  unsightly  by  the 
careless  application  of  the  outer  wearing  surface.  You  can  never 
apply  it  after  the  structure  has  been  built.  It  may  stick  for  one  season, 
but  the  action  of  frost  and  sea-water  will  soon  cause  it  to  lose  all 
adhesion.  One  way  to  overcome  the  difficulty,  which  the  writer  has 
applied  successfully,  is  to  first  make  the  wooden  forms  of  thick,  tongued 
and  grooved  lumber,  smooth  inside  and  covered  with  an  application 
of  yellow  soap  and  alum- water  or  refrigerator  paper  of  an  oily  nature, 
which  will  not  absorb  water  or  wrinkle. 

As  the  concrete  is  being  deposited  near  the  paper-covered  planks,  a 
V-shaped  block  of  wood  or  truncated  wedge  is  inserted  between  the 
forms  and  the  concrete,  so  as  to  keep  the  concrete  away  from  the 
paper.  The  concrete,  which  should  be  very  dry  at  this  location,  is  then 
rammed  extremely  hard,  so  that  w^hen  the  wedge  is  withdrawal,  the 
concrete  w  ill  have  enough  rigidity  to  permit  the  forcing  of  stiff  mortar 
into  the  space  left  by  the  wedge.  After  sufficient  tamping  of  the 
mortar  to  fill  any  voids  between  the  mortar  and  the  forms,  the  wedge 
is  reset,  and  the  operation  repeated  with  the  next  horizontal  layer  of 
concrete.  This  operation  cannot  be  carried  out  with  a  so-called  "  wet 
concrete,''  for  the  reason  that  the  backing  must  always  be  at  least 
four  inches  ahead  of  the  facing,  and  unless  some  measure  can  be  taken 
to  dispose  of  the  surface  water,  due  to  ramming,  the  water  will  find  its 
way  to  the  facing,  doing  untold  mischief,  if  not  damaging  the  whole 
work.  It  is  evident  that  the  forms  should  be  ver>'  strong  and  well 
braced  to  withstand  the  most  ordinary  wave  action,  as  any  vibrations, 
how^ever  slight,  will  show  their  effects  when  the  forms  have  been  re- 
moved. The  smallest  leak  in  the  forms  should  be  stopped  at  once,  for 
any  surging  or  lowering  of  the  tide  will  cause  the  water  to  run  out, 
w^ashing  the  sand  and  cement  in  its  path:  the  consequence  is,  that 
when  the  forms  are  removed,  the  stones  having  no  binder  around 
them,  will  drop  out,  leaving  cavities  in  the  face  of  the  structure. 

Too  much  care  cannot  be  spent  in  the  oversight  of  concrete  works 
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under  construction.  After  the  concrete  specification  has  been  care- 
fully drawn  up  by  the  chief  engineer,  a  copy  is  handed  over  to  his 
inspector  (who  is  usually  a  new  graduate)  to  see  that  its  provisions 
are  carried  out.  Men  of  this  class  do  not  take  kindly  to  watching  men 
dump  stuff  into  one  end  of  a  mixing  machine  and  hauling  it  away  from 
the  other  end  to  be  dumped  again.  Having  just  passed  his  "exam'' 
on  "Euler's  criterion"  and  the  ''Chezy  formula,"  he  looks  upon  such 
an  assignment  as  a  little  beneath  his  capabilities,  and  will  sometimes 
ask  to  be  given  charge  of  a  surv^ey  or  some  cleaner  job.  The  fact  of 
the  matter  is,  that  at  no  stage  of  the  work  will  he  be  called  upon  to 
exercise  more  care  and  judgment  than  when  placing  the  concrete  for 
a  foundation,  no  matter  whether  the  structure  be  a  pier  for  a  bridge, 
a  covering  for  a  filtration  plant,  or  a  retaining  wall  for  a  harbor.  If 
the  builder,  who  may  be  inclined  to  be  "slipper>',"  does  not  succeed 
in  beating  him  on  the  concrete  foundations,  he  can  rest  assured  that 
he  will  have  comparatively  little  chance  for  complaint  on  the  re- 
mainder of  the  structure.  At  this  point,  more  than  at  any  other, 
will  an  ill-considered  decision  involve  the  reputation  of  his  chief 
and  himself  in  disaster. 
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^      REINFORCED  CONCRETE  IN  BUILDING  CONSTRUCTION. 

EMILE   G.    PERROT. 
Read  Febmary  tO,  190k, 

Mr.  President  and  Gentlemen:  It  is  my  purpose,  in  re-opening  the 
discussion  on  this  topic,  to  bring  to  your  attention  the  application 
of  this  material  to  building  construction,  particularly  to  factor^'  or 
mill  building,  and  to  discuss  the  subject  from  the  architect's  stand- 
point, showing  the  advantages  and  drawbacks  incident  to  its  use. 

With  the  marked  improvement  in  the  design  of  mills,  brought 
about  largely  by  the  requirements  of  the  insurance  companies  with 
a  view  to  reducing  the  loss  from  fire,  the  modem  mill,  erected  on 
the  principle  of  *' slow-burning  mill  construction,"  and  equipped  i%ith 
all  the  accessories  to  prevent  the  spread  of  fire,  should  one  take  place. 
has  come  to  be  regarded  as  a  standard  for  such  buildings;  the  idea 
of  constructing  fireproof  mills  not  having  taken  a  ver\^  firm  rr>ot 
in  this  countr}'.  Since  the  advent  here,  however,  of  reinforced  con- 
crete as  a  means  of  const mction,  the  subject  has  engaged  the  attention 
of  architects  and  engineen^,  until  to-day,  we  see  its  use  becoming 
more  general;  but,  like  all  new  systems,  it  has  met  with  varied  success. 

Being  closely  identified  with  the  construction  of  mill  buildings,  the 
problem  of  making  them  more  nearly  fireproof  and  less  susceptible 
to  deterioration  and  at  the  same  time  consistent  with  a  fair  first 
cost,  has,  we  think,  been  solved  in  the  use  of  this  system  of  construc- 
tion. Moreover,  the  scarcity  of  good  quality,  large  size,  yellow  pine 
timber  for  posts  and  girders  in  slow-burning  mill  construction,  has 
often  compelled  the  use  of  a  greater  number  of  postjs  or  other  feature 
of  construction  not  altogether  desirable. 

In  considering  the  advantages  and  disadvantages  of  reinforced 
concrete,  the  architect  is  confronted  with  many  important  questions 
which  must  be  answered  aright  before  any  definite  plans  can  be 
drawn. 

Plrst  and  most  important,  Is  reinforced  concrete  "reliable" — wiU 
it  stand  up? 

Second:  Does  its  added  weight  work  to  its  disadvantage? 

Third:  Can  it  be  erected  with  suflficient  speed  and  in  weather  of 
varj'ing  degrees  of  temperature? 
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Fourth:  Does  the  stony  and  monolithic  character  of  the  construc- 
tion render  the  building  less  adaptable  for  the  introduction  of  overhead 
shafting,  fixtures,  etc.? 

Fifth:  Is  it  fireproof? 

These  questions  naturally  occur  to  one  who  has  little  or  no  ex- 
perience vath  this  construction,  and  it  is  only  the  proper  solution 
of  them  that  will  result  in  the  more  general  adoption  of  reinforced 
concrete.  The  answer  to  the  first  question  depends  on  certain  factors, 
the  most  important  of  which  embodies  the  personal  element;  or,  in 
other  words,  reinforced  concrete  in  the  hands  of  thorough  and  con- 
scientious workers  will  be  just  as  safe  as  any  other  form  of  construc- 
tion, while  the  reverse  is  true  if  the  designing  and  execution  is  left 
to  inexperienced  persons.  The  question  of  its  added  weight  can  be 
passed  by  as  one  of  little  moment,  when  we  consider  the  saving  of 
cost,  effected  by  its  use,  over  other  fireproof  methods  of  construction. 

Can  reinforced  concrete  be  erected  with  sufficient  speed  and  in 
weather  of  var>'ing  degrees  of  temperature?  The  first  part  of  this 
question  I  will  answer  by  giving  the  record  of  the  reconstruction 
of  the  Forrest  Laundiy  last  year.  This  building  is  a  four-story  and 
basement  structure  50  feet  wide  by  160  feet  long.  The  entire  struc- 
ture was  finished  on  December  12,  1903,  whereas  the  contract  did 
not  require  its  completion  until  January  15,  1904.  On  November 
26th  all  the  plastering  was  finished;  the  concrete  construction  of 
the  entire  building,  except  the  roof  on  top  of  the  tank  tower,  was 
completed  on  October  29th.  As  the  work  was  given  out  on  July 
25th,  this  shows  a  very  rapid  progress.  Since  the  work  of  erect- 
ing the  staging  for  the  concrete  construction  started  on  August  5th, 
the  time  occupied  for  putting  in  the  concrete  construction  was, 
therefore,  twelve  weeks.  As  this  involved  the  laying  of  about  35,000 
square  feet  of  floor  and  roof,  this  is  remarkably  rapid  progress.  As 
to  laying  reinforced  concrete  in  freezing  weather,  I  might  say  that  it 
is  not  impracticable  to  do  so,  provided  the  temperature  does  not  fall 
below  about  26  degrees  Fah.,  but  the  precaution  of  leaving  the  forms 
or  centering  in  position  until  the  concrete  has  thoroughly  set  and 
hardened,  after  the  thawing  process,  is  absolutely  necessar>'. 

The  stony  and  monolithic  character  of  reinforced  concrete  is  some- 
what of  an  objection  for  buildings  in  which  the  location  of  the  ma- 
chinery is  not  predetermined,  unless  some  means  are  adopted  by 
which  the  shifting  hangers,  etc.,  can  be  located  at  any  point.     This 
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feature  of  the  construction  I  wiM  take  up  more  fully  in  the  latter  pan 
of  this  paper. 

The  fireproof  quality  of  reinforced  concrete  has  been  establishf«i 
beyond  a  doubt,  not  only  by  actual  conflagrations,  but  also  by  ex- 
perimental fire  tests  made  under  the  direction  of  the  Philadelphia 
Bureau  of  Building  Inspection  and  the  New  York  Building  Bureau. 

The  following  are  extracts  from  the  report  of  Building  Inspector 
Paul  J.  Essick,  Jr.,  on  the  fire  test  at  Philadelpha: 

Philadelphia,  June  20,   1903. 
Robert  C.  Hill,  Esq.,  Chief  of  Bureau  of  Building  Inspection, 

Dear  Sir:  Pursuant  to  your  direction,  I  visited  the  foundrv'  of 
Messrs.  Cresswell  &  Waters  Co.,  Nicetown,  in  the  yard  of  which  a 
test  was  to  be  made  of  the  de  Valliere  system  of  reinforced  concrete 
floor,  beams  and  columns  by  Mr.  J.  O.  Ellinger,  the  manager,  and 
beg  leave  to  report  on  said  test  as  follows :  A  section  of  the  floor  had 
been  erected  enclosed  on  four  sides  ^Nith  13-inch  brick  walls  to  a 
height  level  with  the  top  of  the  concrete  floor  having  a  fire-door, 
front  and  back  draft  opening,  and  grate  surface  with  four  chimneys 
so  as  to  make  a  regular  furnace. 

The  construction  of  the  section  was  as  follows : 

Floor:  Size  8  feet  by  18  feet,  equals  144  square  feet  of  floor  surface. 

Columns:  4  by  16-inch  columns  flush  with  ends  but  10  inches  from 
side,  reinforced  with  four  steel  rods  IJ  inches  diameter,  placed  per- 
pendicular at  10-inch  centers.     Height  of  column:  9  feet  IJ  inches. 

Girders:  Two  girders  8  inches  by  14  inches  reinforced  by  four  steel 
rods  1  inch  diameter  hung  in  stirrups  of  t%nsted  fV-inch  steel,  and 
having  an  eye  at  top  through  which  the  /g-inch  round  rods  of  the 
slab  were  placed.  These  four  rods  were  placed  within  2  inches  of 
the  bottom  of  girder,  the  two  lower  rods  running  straight  to  the 
column,  while  the  upf>er  two  rods  were  bent  so  as  to  reach  the  top 
of  girder  at  the  column. 

Floor:  The  floor  was  5  inches  thick,  having  a  layer  of  flinch  rods 
at  bottom  of  floor,  8-inch  centers,  and  another  layer  running  from 
bottom  at  center  to  top  at  outer  edge,  for  purpose  of  strengthening 
the  overhang  of  14  inches  of  the  floor. 

The  columns,  beams,  and  floor  having  been  built  continuously,  it 
was  in  one  solid  mass. 

The  proportions  of  the  concrete  were:  1  of  Alpha  Portland  cement, 
3  of  Jersey  gravel,  and  5  of  trap  rock.  Age:  two  months.  Slight 
fire  started  on   16th  inst.   to  dry  out  brickwork. 

A  load  of  150  pounds  i>er  square  foot  was  placed  on  slab  June  16, 
1903;  total  load  21,600  pounds  of  pig  iron. 

SUirt  of  Test:  Fire  test,  started  at  9.10  a.  m.,  June  17,  1903,  using 
oak  cord  wood  for  fuel.  At  1.15  hose  was  turned  on  from  fire-plug, 
using  the  regulation  hose  of  the  Fire  Department  and  with  a  pressure 
at  fire  hydrant  of  65  poimds.  The  total  deflection,  under  load  of 
150  pounds  per  square  foot,  and  fire  and  water,  was  2yV  inches. 
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On  examination  at  9.10  a.  m.,  June  18,  1903,  I  found  the  concrete 
columns,  beams,  and  slab,  with  considerable  heat,  at  least  150  degrees, 
continuing  warm  all  day  and  cooling  exceedingly  slowly.  No  separa- 
tion whatever  had  taken  place  between  slab  and  beams.  No  spalling 
of  exposed  surfaces  was  obsen-ed,  though  bottom  surface  of  slab  was 
at  a  chem^  red.  The  mean  average  readings  of  pyrometers  during 
the  fire  was  1776  degrees. 

Correcting  the  levels,  I  find  that  there  was  a  total  deflection,  at 
this  time,  of  1  inch,  showing  that  the  floor  recovered  in  cooling  1^ 
inches.  Inside,  the  surface  of  concrete  shows  a  slight  superficial 
crack  near  front  end.  The  northeast  column  shows  a  shearing  break 
about  3j\  inch,  vertically  across  comer.  Other  parts  in  splendid 
condition. 

On  increasing  load  of  pig-iron  the  northwest  column  showed  a  per- 
pendicular crack  through  center.  Part  of  the  back  wall  of  furnace 
was  torn  do^\^l  to  see  the  back  of  columns,  and  a  crack  was  found 
running  nearly  around  both  north  columns. 

On  June  19th,  at  9.15  a.  m.,  fifteen  hours  after  the  last  reading, 
there  was  no  increase  in  the  deflection  under  a  load  of  602  pounds 
per  square  foot.  The  back  columns,  or  those  on  the  north,  showed  a 
buckle  of  f  of  an  inch. 

One  other  important  feature,  which  is  interesting  to  the  architect 
and  engineer,  inasmuch  as  it  affects  the  pecuniar}^  interest  of  the 
client,  is  the  rate  of  insurance.  Making  the  comparison  with  similar 
buildings  of  the  slow-burning  type,  ever\'thing  else  being  equal,  the 
rate  on  the  reinforced  concrete  type  is  considerably  lower  than  on 
the  slow-burning  type ;  this  is  seen  in  the  case  of  the  Bilgram  Machine 
Shop,  where  the  rate  is  only  twenty  cents  per  hundred,  while  on  the 
slow-burning  type  the  rate  would  be  more  than  double  this  amount. 
The  rate  on  the  Forrest  Laundr\'  is  thirty-five  cents  per  hundred, 
while  on  a  laundr\'  building  of  the  slow-burning  type  the  rate  would 
be  seventy  cents  per  hundred.  We  understand  from  the  insurance 
agent  that  the  rate  on  this  particular  building  is  cheaper  than  any 
other  laundry  rate  in  the  United  States ;  furthermore,  the  same  owner, 
while  in  temporary  quarters  after  the  destruction  of  his  building  by 
fire  (the  building  being  of  slow-burning  mill  construction,  sprinkled), 
paid  $1.57  per  hundred  insurance.  Thi^  ^ivm  somt*  idcu  i^f  tin-  saving 
effected  by  using  this  system  of  constnu'tiiiii, 

The  cost  of  reinforced  concrete,  as  c(Kiij)art'd  wit*  ling 

type  on  the  one  hand  and  steel  frann\  rin*|mKifl  tta, 

on  the  other,  reveals  some  interesting  fiji^vm^s:  Tp  am 

from  the  actual  estimates  received  on  tlu^  hiuji''  The 

bids  of  the  Forrest  Laundrj-  for  the  8lnw*bu!  I  to 
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$1.07  per  square  foot  of  floor  area;  for  the  reinforced  concrete,  $!.4>5 
per  square  foot;  for  steel  floor  and  roof  construction  fireproof ed,  the 
cost  would  have  been  $1.85  per  square  foot.  The  bids  on  the  Unictti 
Mission  Hospital  do  not  show  the  same  variation;  the  construction 
being  lighter,  the  cost  was  not  affected  as  much  as  with  a  hea\'>'  con- 
struction. The  actual  bids  on  this  building  were  $2.45  per  square  foot 
for  reinforced  concrete  and  $2.54  per  square  foot  for  steel  construction, 
fireproof ed,  making  a  total  difference  between  the  two  systems  of 
almost  $2500  in  favor  of  the  concrete.     We  see  at  once,  therefore,  that 


Fio.  1. — View  of  Second  Fix)or,  Bilgram  Machime  Shop,  during  CossTRrcrioii. 


while  as  a  fireproof  construction,  reinforced  concrete  is  cheaper  than 
fireproof  steel  construction,  it  is  at  the  same  time  not  too  expensive 
to  prevent  its  use  in  factory  or  mill  construction. 

The  first  building  designed  by  us,  in  which  reinforced  concrete 
forms  the  integral  part,  and  which,  I  think,  is  the  first  building  ever 
erected  in  this  country',  having  a  saw-tooth  roof,  constructed  of  re- 
inforced concrete,  is  the  Hugo  Bilgram  Machine  Shop;  the  building 
being  the  second  one  in  Philadelphia  in  which  reinforced  concrete 
has  been  ascd  for  the  entire  floor  and  roof  construction. 
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I  might  mention  here,  that  it  is  due  to  the  indefatigable  labors  of 
Mr.  J.  O.  Ellinger,  whose  work  in  this  field  is  well  known,  that  re- 
inforced concrete  is  a  reality  in  Philadelphia,  and  through  his  per- 
sistent efforts,  in  conducting  to  a  successful  issue  his  fire  tests,  the 
Philadelphia  Bureau  of  Building  Inspection  has  placed  buildings  con- 
structed of  reinforced  concrete  under  the  head  of  buildings  of  the 
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first  class;  likewise,  New  York  has  placed  hb  siji^tem  ^ 
which  comes  under  the  head  of  '' fireproof."  '' 

To  come  to  the  practical  application  of  the  various  |mttf 
such  as  the  Ransome,  De  Valliere,  Hennebiqnf,  rk\,  # 
disposition  of  posts  and  girders  similar  to  thut  in  ttif 
construction  is  entirely  satisfactor\%  and  that  it 
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consider  the  wood  eonstnietion  as  being  petrified  and  we  have  th*^- 
construction  in  reinforced  concrete;  that  is,  the  heavy  beanris  taking: 
the  place  of  the  cross  girder  and  the  concrete  slab  the  3  or  4  inch 
plank.  As  to  making  the  walls  of  concrete  in  mill  buildings  built  in 
the  city,  there  is  no  saving  of  cost,  and  our  practice  so  far  has  beei: 
to  use  brick  walls.  An  isometric  view  of  such  a  floor  is  shown  in 
Fig.  2.  It  has,  in  addition  to  the  cross  beam,  a  longitudinal  beam  or 
girder.  The  construction  is  what  would  be  termed  a  framed  con- 
struction if  it  were  executed  in  wood.  The  longitudinal  girder  L?  a 
few  inches  deeper  than  the  cross  girder  for  a  ver\'  important  reason; 


Fio.  3. — Baskment  of  Higo  Bilgram's  Maciiink  Shop. 


that  is,  to  permit  the  bottom  rods  in  the  beams  to  rest  on  top  of  the 
bottom  rods  of  the  longitudinal  girder,  so  as  to  obtain  direct  bearing, 
one  on  the  other,  and  thus  avoid  straining  the  concrete.  Other 
details  of  construction  are  sho^\'n  in  this  view,  such  as  the  stringer 
pieces  to  secure  the  shafting.  An  isometric  view  of  the  steel  rein- 
forcement is  shown  in  the  lower  right-hand  corner.  In  the  lower 
left-hand  comer  is  shown  the  method  of  anchoring  concrete  beams  to 
the  wall;  a  dove-tail  pocket  being  built  by  the  mason,  into  which  the 
concrete  is  poured.  CavSt  or  wrought  iron  bearing  plates  should  be 
placed  under  all  girders. 


Perrot — Reinforced  Concrete  in  Building  Construction,       145 

It  has  been  our  practice,  in  the  better  grade  of  buildings,  to  plaster 
with  white-coat  the  reinforced  concrete,  which  increases  the  brilliancy  of 
the  building  at  least  twenty-five  per  cent.  Where  a  very  smooth  finish 
is  not  absolutely  necessary,  the  concrete  work  can  be  painted  with  some 
make  of  cold-water  paint  or  white- washed.  This  was  done  in  the 
the  basement  of  the  Hugo  Bilgram  Machine  Shop  with  ver}^  good 
results. 

Theory. — The  usual  theory  of  the  resistance  of  materials,  based  on 


Fig.  4. — Intkrior  Secom»  Storv,  Biloram'h  Machinp.  Shop,  showing  Concretk 

PhASTERKn,    AND    WoOD   StRINGBR    PiECES    FOR    HaNGKRS. 


the  hypothesis  that  a  section  plane  before  bending  remains  sensibly 
plane  after  bending,  while  not  held  by  all  en^inrc  i>  ,)s  \jcuig  jib^o- 
lutely  exact,  is, '  however,  sufficiently  so  for  all  practical  t3<* 
tions  when  applied  to  simple  flexure;  and  this  liyp/»ih.    h 
basis  of  all  the  fonnulae  used  in  the  writ4>r\s   ralrui*4iii 
French  engineers  as  Considere  and  Christophe,  and  Anwfi/id 
as  Thatcher,  hold  to  the  above  tenets,  and  1  <ln  nat  i 
reason  why  the  theor}'  of  reinforced  concrctf    bi*ttiiij 
refined  as  to  reduce  the  calculations  to  an  rxartnc 


146       Perrot — Reinforced  Concrete  in  Building  Construction. 

doubtedly  rendered  nil  by  the  inequalities  almost  sure  to  exist  in  thf* 

concrete  mixture  and  irregular  workmanship. 

On  the  assiunption  that,  within  the  elastic  limit,  the  stresses  are 

uniformly  vaning  across  the  section,  the  fundamental  formiila  fur 

the  flexure  of  beams  may  be  reduced  to  the  folloviing,  for  reinforced 

concrete  beams  of  rectangular  section,   with  reinforcement    in  tht 

bottom  only,  neglecting  the  effect  of  the  concrete  in  tension : 

2         1 
M  =  ^  a  X  2  p  a  e  -f  t  s  b. 

in  which: 

M  =  bending  moment  in  inch  pounds : 

a  -=  the  distance  from  the  neutral  axis  to  the  most  remote  fibre 
in  compression: 

p  =  the  unit  compressive  strain  on  the  concrete : 

e   —  the  width  of  the  beam : 

t    =  the  unit  tensile  strain  on  the  steel : 

s    ^=z  the  area  of  the  steel: 

b  -=  the  distance  from  the  neutral  axis  to  the  center  of  action  of 
the  steel. 

The  determination  of  the  neutral  axis  is.  therefore,  the  key  to  the 
solution  of  the  equation.  If  we  represent  the  height  of  the  beam 
by  h,  then  the  fraction  * ,  which  we  shall  call  x  in  the  next  formula, 
represents  the  fractional  part  of  the  height  of  the  beam  in  compres- 
sion; likewise,  the  fraction  ^^^  which  we  shall  call  y,  equals  the  per- 
centage of  the  metal  in  relation  to  the  total  sectional  area  of  the 
beam.  By  assuming  the  coefficient  of  elasticity  of  steel  as  being 
twenty  times  that  of  concrete  (the  value  established  by  the  Phila- 
delphia Bureau  of  Building  Inspection),  we  deduce  the  following 
formula,  which  defines  the  position  of  the  neutral  axis  in  fractions  of 
the  percentage,  or — 

^  =  2()y  (- 1  +  ^'l  -  Av). 

This  formula  is  based   upon  the  steel  reinforcement  being  located 
five-sixths  the  depth  of  the  beams  from  the  top. 

In  calculating  the  strength  of  beams  with  floor  slab  united  thereto, 
the  beams  and  slabs  are  considered  a  T  section  and  the  beam  figured 
accordingly;  of  course,  should  the  neutral  axis  fall  in  the  slab,  the 
formula  used  for  rectangular  beams  \nll  hold  good  for  these  T  sections, 
since  we  neglect  the  consideration  of  the  concrete  in  tension  and  are 
only  concerned  with  that  in  compression. 
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The  formula  for  T  sections,  then,  when  the  neutral  axis  falls  below 
the  slab,  becomes — 

M  =  -£-  [aV  (3h'  _  a)  -  (a  -  g)^  (w  -  e)  (3h'  -  a  -  2g)] . 

in  which  p,  a,  and  e  have  the  same  meaning  as  before,  and  w  -    the 
width  of  the  slab, 
h'  ^=  the  distance  from  the  top  of  the  slab  to  the  center  of  action 

of  the  reinforcement, 
g  ==  the  thickness  of  slab. 


Fig.  5. — View  of  Secojii)  Floor  oy  Forrest  Laundry  dirinu  Constim  ctios. 


The  working  stresses  of  the  concrete  we  have  assumed  as  500  pounds 
per  scjuare  inch,  and  that  of  the  steel  as  16,000  pounds  per  square 
inch;  these  values  being  established  by  the  Philadelphia  Bureau  of 
Building  Inspection. 

The  effect  of  shear  upon  a  beam  seems  to  have  been  ver\'  little 
considered  in  the  early  study  of  reinforced  concrete,  but  si'^ 
obtained  by  practical  tests  seem    to    indicate  that  beams 
without  the  use  of  steel,  to  take  up  the  shearing  strains,  f; 
cracking  of  the  concrete,  several  systems  have  been  devise* 
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this  objection.  The  De  Valliere  has  a  very  good  form  of  twijitt^ 
stirrup,  which  is  built  in  the  beam  and  unites  the  steel  rcxls  of  th- 
beams  to  the  reinforcement  of  the  slab.  The  Kahn  system  empl<»y- 
a  square  bar  with  side  wings  bent  up  at  an  incline.  The  stirrup  ii. 
this  case  being  originally  part  of  the  bar  and  cut  away,  leaving  ju^• 
enough  material  to  unite  the  two  securely  together.  The  Heiiiiebiqiit^ 
system  uses  stimips  bent  in  the  fonn  of  a  U-shaped  loop  extent i- 
ing  under  the  tension  rods  and  nmning  up  through  the  beam  an] 
projecting  into  the    slab.     The    oldest  system  in  the  count r\-.  th» 


Fio.  6. — Floor  Load  Tkst,  Second  Storv,  Forrest  Laundry. 


Ransome,  is  usually  constmcted  without  stirrups,  but  personally 
I  think  it  is  not  only  more  logical  but  safer  to  use  stimips  of  some 
form. 

The  dangers  of  reinforced  concrete  I  mentioned  earlier  in  the 
evening,  and  to  show  how  a  legitimate  system  of  construction  can 
be  abused,  I  refer  you  a  list  of  failures  of  concrete  buildings  for  the 
year  1903,  given  in  the  Januar>'  (1904)  number  of  the  magazine 
"  Fireproof.^'     The  list  comprises  fifteen  failures  for  the  year. 

One  important  investigation  in  the  matter  of  the  protection  of  the 
embedded  steel  in  concn?te  was  made  by  our  firm.     A  test  prism,  6  by 
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6  by  8  inches  long  with  four  -j^-inch  rods,  was  placed  in  brine  for  six 
months  in  order  to  determine  the  effect  of  this  solution  on  the  em- 
bedded steel,  having  in  mind  the  design  of  a  certain  building  in  which 
brine  or  salt  water  was  used  ver\'  freely.  We  made  this  test  to  deter- 
mine the  advisability  of  this  form  of  construction.  When  the  cube 
was  broken  open,  the  rods  showed  no  trace  of  rust  and  were  as  bright 


C/?066  ^^Cr/OA/. 
Fio.  7. — J?oRRE»T  Laundry. 


as  the  day  they  were  embedded  in  the  concrete.  This  is  only  another 
demonstration  of  the  protection  afforded  the  reinforcement  by  the 
concrete,  and  is  especially  interesting,'  as  all  the  rods  were  placed 
within  an  inch  of  one  face  of  the  prism  and  the  ends  of  some  were 
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as  close  as  }  of  an  inch  to  the  end  of  the  prism.     These  ends  were  a? 
bright  as  when  the  rods  were  inserted. 

We  had  another  series  of  tests,  made  by  Riehle  Bros.,  to  obtak 
the  values  for  the  adhesion  of  plain  steel  rods  to  the  concrete,  whirb 
is  as  follows: 


Laborator\'  No.  of  Test 


19998 
20001 

Philadelphia,  Feb.  20,    1904. 
Ballinger  &  Perrot,  Philadelphia,  Pa. 

We  have  this  day  tested  for  you  four  tests  of  rods  embedded 
concrete  for  adhesion,  and  beg  to  submit  the  follo\^ing  report : 


in 


8h 

-;— M**fe .. 

...  ■ 

[**  :    "      «iS 

J^-*»^ 

1      -  -.     _ 

Fig.  8. — Buildings  op  Jea.hesvillk  Iron  Works  Co.  uirino    Construction,  showing 
Reinforced  Concrete  Tower. 


Note, — Tests  made  to  ascertain  adhesion  between  steel  rods  and 
1,  3,  5  mixture  of  concrete  seven  months  old. 

J-inch,  yVinch.  and  f*^-inch  rods,  embedded  in  one  prism  ami 
rusted  before  insertion. 

f-inch  nxi,  embedded  in  a  second  concrete  prism  and  entirely  h^c 
from  rust  before  insertion  in  prism. 

Each  prism  12  inches  long,  giving  a  12-inch  length  of  contact  to  aJI 
rods. 
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Preuure  in  poands  per 
EHani.  «nd  Circam.  of    Areaof  Rod  inCooUct   Total  Pressure  in  Pounds:  square  inch: 

rods  in  inches.  (square  inch).  Release.         Friction.       Release.         Friction. 


* 

.785 

9.425 

2670 

2000 

283 

212 

A 

.982 

11.78 

2560 

1200 

217 

102 

A 

1.77 

21.2 

2960 

1350 

140 

64 

* 

2.356 

28.27 

5660 

3200 

200 

113 

The  average  pressure  per  square  inch  for  release  was,  therefore, 
210  pounds,  and  the  average  friction  per  square  inch  was  122J  pounds. 
The  result  of  these  tests  shows  that  rusted  iron  rods  adhere  as  firmly 
as  perfectly  clean  rods.  Although  the  number  of  tests  was  not 
large,  we  are  led  to  believe  that,  even  though  these  values  appear 
rather  low,  they  give  sufficient  information  upon  which  to  base  our 
calculations. 

DISCUSSION. 

Charles  M.  Mills. — I  would  be  pleased  to  learn  from  Mr.  Perrot  whether, 
in  the  construction  of  reinforced  concrete,  he  has  had  an  opportunity  to  observe 
the  effect  of  a  dry  and  artificially  heated  atmosphere  in  the  interior  of  buildings; 
upon  the  tendency  of  concrete  to  shrink  or  crack,  and  if  he  has  noticed  such 
tendency,  whether  he  has  preference  for  any  particular  proportions  of  the  con- 
crete materials  which  he  thinks  would  best  resist  it.  I  would  also  be  very  glad 
to  have  him  describe  a  little  more  fully  the  expansion  joint  placed  on  the  sides 
of  the  buildings,  as  exhibited  on  the  screen. 

Mr.  Perrot. — Answering  the  first  question;  the  buildings  which  we  have 
designed  have  not  been  erected  long  enough  to  determine  the  action  of  dry 
artificial  atmosphere  on  the  concrete.  On  similar  buildings,  erected  in  Europe 
and  in  other  coimtries,  and  from  data  on  the  subject,  we  have  no  fear  as  to  the 
results  or  behavior  of  these  buildings.  The  fire  tests  show  the  behavior  under 
different  conditions  of  temperature.  I  would  say  that,  with  my  partner,  I 
vbited  Baltimore  last  Monday  with  the  view  of  observing  the  fire-resisting 
qualities  of  concrete,  and  I  was  very  glad  to  see  that  there  was  one  building 
in  the  conflagration  at  Baltimore  which  stood  up,  being  the  only  one  in  the  block. 
All  the  others  fell  down.  That  happened  to  have  a  reinforced  concrete  interior, 
supported  entirely  on  independent  wall  colmnns  of  concrete.  I  estimate  that 
the  distance  between  party  walls  was  about  20  feet,  and  the  depth  of  the  build- 
ing about  80  feet.  It  was  a  four-story  structure,  built  with  arched  floor  slabs, 
about  three  inches  at  the  crown.  The  concrete  was  intact.  Some  of  the  party 
walls  had  fallen  down  because  they  were  not  properly  built,  and  part  of  the 
front  had  fallen  out.  This  was  an  old  building  with  the  interior  reconstructed 
of  concrete.  Here  b  an  example  of  an  actual  fire  test;  the  concrete  being 
exposed  to  a  high  degree  of  heat.  Part  of  the  side  wall  of  the  fourth  story  had 
fallen  down  and  left  the  construction  exposed,  and  I  understand  from  the  con- 
tractors that  the  concrete  in  is  perfect  condition.  Samples  of  concrete  which 
have  gone  through  a  fire  test  show  a  pinkish  tinge.  After  it  comes  from  the  fire 
it  appears. to  be  more  or  less  vitrified.  There  was  another  concrete  building 
6 
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which  fell  do^fn,  but  from  what  cause  I  do  not  know.  If  there  had  been  hi^tf 
buildings  alongside  of  this  four-story  structure  and  they  had  collapsed,  nothinc 
could  have  saved  it,  because  it  was  of  light  construction. 

In  reply  to  other  questions  Mr.  Perrot  made  the  following  statements : 

The  arched  slab  is  a  characteristic  form  of  the  Hennebique  system.  1 
understand  this  form  of  slab  was  used  in  connection  with  the  flat  slab  in  the 
J.  L.  Mott  Iron  Works  Company's  building  at  Trenton,  which  failed  last  DeceiB- 
ber  (sketching  on  the  board). 

We  are  building  a  mill  at  Bristol  in  which  we  are  going  to  have  a  concreif 
floor.  The  distance  between  girders  is  8  feet  and  we  have  a  five-inch  slab. 
Now,  we  intend  to  carry  only  150  pounds  per  square  foot.  The  concrete  fioor 
of  the  Mott  building  was  designed  for  250  pounds  per  square  foot,  and  I  do  nm 
believe  the  slab  b  anything  near  that  thickness.  It  is  altogether  a  matter 
of  safety.  It  does  not  make  much  difference  what  system  of  constructioo 
is  used;  they  will  all  lead  to  failure  if  lacking  in  strength.  It  is  all  a  matter 
of  design  and  workmanship. 

The  vertical  rods  in  the  columns  take  up  the  bending,  which  causes 
compression  on  one  side  and  tension  on  the  other.  In  Philadelphia,  the  Bureau 
of  Building  Inspection  does  not  allow  the  use  of  a  unit  strain  of  more  than 
five  hundred  pounds  per  square  inch  in  compression.  The  rods,  therefore, 
do  not  count  for  much  except  to  keep  the  concrete  from  cracking.  I  do  not 
believe  in  building  concrete  walls  without  rods,  because  they  are  bound  to 
crack. 

It  is  our  custom  is  to  leave  floor  forms  in  place  two  weeks.  In  constructing 
the  Forrest  Laundry  we  had  two  sets  of  forms.  The  first  set  was  used  in  the 
basement  to  support  the  first  floor,  and  was  left  in  two  weeks.  After  the  con- 
crete was  laid  on  the  first  floor  they  built  up  the  forms  to  support  the  second 
floor  and  by  the  time  the  concrete  for  the  second  floor  was  in  place,  that  of  the 
first  was  sufficiently  hardened  to  use  the  forms  for  the  third  floor,  with  the 
necessary  alterations,  so  we  took  the  forms  out,  and  so  made  good  time. 

Armored  concrete  construction  may  be  executed  as  fast  as  the  material  can 
be  put  in  place.  A  good  many  contractors  use  only  one-inch  material  for  the 
forms.  Better  contractors  use  two-inch.  Another  thing  about  the  forms: 
they  should  be  put  together  in  such  a  manner  that  they  can  be  taken  down 
easily.  This  is  facilitated  by  not  driving  the  nails  as  far  as  the  head.  There 
is  a  waste  of  material,  of  course,  in  transferring  forms  from  one  story  to  another. 
The  loss  is  about  five  to  ten  per  cent. 

Attempts  to  color  exterior  concrete  walls  by  mixing  the  coloring  matter  in 
the  concrete  have  been  unsuccessful.  The  cement  acts  as  a  chemical  on  the 
color.  I  would  not  advocate  it.  It  is  better  to  paint  the  concrete  after- 
wards. I  do  not  see  any  good  reason  for  painting  it.  If  you  want  to  get  a 
color  scheme,  try  to  use  sand  which  has  some  kind  of  color,  red  or  yellow. 

Walter  F.  Ballinqbr. — ^There  are  just  two  points  I  wish  to  mention.  Mr. 
Perrot's  remark  might  have  been  misimderstood  as  to  a  wooden  building  of 
our  design  having  fallen  down.  A  portion  of  a  wooden  saw-tooth  roof  construc- 
tion fell  down  while  in  the  contractor's  hands,  before  any  attempt  was  made 
to  complete  it,  due  to  insufficient  shoring.  Answering  the  question  that  one 
gentleman  asked  about  the  cost  compared  with  other  construction,  I  might 
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add  to  the  examples  which  Mr.  Perrot  has  mentioned,  that  a  certain  cottage 
building  in  connection  vdth  this  orphanage,  which  he  showed  on  the  screen, 
\¥hich  cost  about  $15,000  in  the  ordinary  construction,  would  have  cost  $2,100 
more  had  the  floors  been  of  reinforced  concrete,  with  wire  lath  and  cement 
plaster  partitions.  You  see  there  is  a  difference  in  that  case  of  about  fifteen 
F>er  cent.  In  the  case  of  the  Methodist  Hospital  Dispensary,  for  which  the  con- 
tract is  just  let,  the  cost  in  joist  construction  was  $18,000,  and  the  alternate 
bids  showed  $3,600  additional  for  reinforced  concrete  construction.  That 
would  be  about  twenty  per  cent,  greater  for  the  concrete  construction.  In 
a  certain  factory  we  had  an  estimate  of  $56,000,  for  slow-burning  mill  construc- 
tion, which  would  have  cost  $6,000  additional,  or  $62,000,  for  concrete,  which  is 
an  advance,  in  that  case,  of  about  eleven  per  cent,  over  slow-burning  mill  con- 
struction. In  another  building  it  was  found  that  the  omission  of  the  tank 
with  its  supports,  necessary  for  a  sprinkler  system,  and  the  sprinkler  system 
itself,  just  evened  up  the  cost  of  a  building  of  concrete  reinforcement  and  one 
of  slow-burning  mill  construction.  That  is,  it  was  found  that  a  lower  insurance 
rate  would  be  obtained  on  a  building  of  reinforced  concrete  without  sprinklers 
than  on  a  slow-burning  mill  construction  with  sprinklers — about  one-half  the  rate 
— and  the  cost  appeared  to  be  about  equal. 

Mr.  Soudbr. — There  is  one  point  that  is  interesting  to  me.  I  understood 
Mr.  Perrot  to  say  that  the  concrete  is  plastered.  Was  this  plastering  applied 
while  the  concrete  was  still  green  or  damp,  shortly  after  the  forms  were  moved, 
or  after  it  became  hard?  In  my  experience,  plastering  concrete  work  after  it 
has  become  hard  does  not  give  satisfactory  results.  The  plaster  does  not 
adhere. 

In  the  case  of  some  of  the  early  concrete  bridges  built  by  the  city  of  Phil- 
adelphia, a  plaster  surface  was  laid  on  after  the  concrete  had  hardened.  I 
have  inspected  all  of  these  structures  and  found  in  many  cases  that  the  plaster 
coating  was  hollow  and  in  some  cases  had  fallen  off.  Plastering  was  also  tried 
on  a  small  house  which  I  built  of  concrete,  but  the  result  was  not  good. 

We  used  liquid  cement.  Possibly  the  surfaces  we  applied  it  to  were  too  dry. 
It  was  never  satisfactory  to  me.  My  practice  is  to  apply  the  cement  plaster 
against  the  forms,  just  before  the  concrete  is  laid,  the  whole  being  compacted 
by  ramming.  In  this  way  the  plaster  is  well  bonded  with  the  concrete  mass. 
This  method  was  specified  for  some  concrete  bridges  which  I  designed  for  the 
city  of  Philadelphia  and  which  gave  good  results. 

Mr.  Perrot. — On  the  interior  of  a  building,  we  put  on  the  plaster  the  same 
as  you  plaster  a  brick  wall,  and  that  is  the  way  we  treated  the  concrete.     Plaster 
the  concrete  at  the  same  time  you  plaster  the  wall.     The  plasterers  were  very 
particular  to  use  a  special  mixtiu-e  which  consisted  of  plaster  of  paris  mixed  with 
a  large  proportion  of  lime — really  what  you  would  call  a  white  cout.     1  he  crtw^-^- 
will  not  discolor  the  white  coat,  when  painted,  if  the  wall  is  dry.     Wy  hav^ 
paint  disfigured  on  a  brick  wall  which  was  plastered.     If  th<?  wtiU  b  ir 
it  makes  no  difference  whether  it  is  cement  or  what  it  is,  it  i:^  tuning  to  i 
the  paint.     That  is  simply  a  matter  of  experience  with  everj'  kind  uf  cfl 
tion.     With  this  construction  we  have  used  only  a  white  c^nat,  And  if 
has  been  very  good.     Under  vibrating  loads  the  plastering  ri'iualnj^  in  f 
Whether  it  will  remain  in  position  ten  years  from  now  is  a  nutHtion*' 
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Henry  H.  Quimby. — When  you  use  the  floor  slab  as  part  of  a  beam,  how 
much  of  the  slab  in  width  do  you  figure  on  for  compression? 

Mr.  Perrot. — That  is  the  important  point.  We  have  compiled  a  numfc*^* 
of  tables  and  formulae  to  determine  that  very  thing.  We  have  a  system  *h 
tables  which  shows  at  a  glance  how  far  we  must  place  the  beams  apart  in  aitkr 
to  have  sufficient  width  of  slab.  The  formula  I  gave  on  the  board  will  teH 
you  that.  We  solve  the  equation  for  that  particular  quantity,  namely  W. 
or  the  width  of  the  slab.  Each  case  has  to  be  worked  out,  and  we  have  madr 
tables  so  that  they  would  not  have  to  be  worked  out  a  second  time. 

H.  WiLMBRDixG. — I  hardly  know  what  to  say,  except  that  I  have  been  verr 
much  interested  in  the  discussion.  Unfortunately  I  got  here  too  late  to  hear  ali 
of  Mr.  Perrot's  paper.  I  have  just  come  from  Baltimore,  where  I  saw  the  build- 
ing which  Mr.  Perrot  described.  I  understood  just  before  I  left  Baltimore  that  the 
upper  floors  of  that  building  had  softened  to  such  an  extent  that  they  probabJy 
would  have  to  come  down.  I  would  like  to  ask  Mr.  Perrot  what,  in  his  opinioD. 
would  be  the  cause  of  that?  There  was  probably  no  water  thrown.  Would  it 
be  from  the  heat  disintegrating  the  concrete? 

Mr.  Perrot. — I  think  it  would.  Moreover,  I  might  mention  this:  we  aii 
know  that  limestone,  when  it  is  calcined  and  water  is  placed  upon  it,  will  expazMi, 
as  we  see  every  day  in  making  ordinary  mortar.  If  we  use  limestone  in  concrete 
it  is  simply  worthless  as  a  firperoof  material.  There  happened  to  be  a  smaU  piece 
of  limestone  in  the  slab  on  the  test  house  at  Nicetown,  and  during  the  test  that 
piece  swelled  and  broke  out  of  the  slab.  It  did  not  do  any  harm  to  the  floor.  The 
behavior  was  just  the  same  as  that  of  a  piece  of  limestone  in  a  brick.  When 
the  brick  is  laid  up  in  the  wall  and  absorbs  water  from  the  mortar,  the  calcineti 
limestone  will  expand  and  crack  the  brick  If  you  use  limestone  for  reinforced 
concrete  it  is  not  fireproof.  It  would  disintegrate  under  heat  and  water.  If 
there  was  an3rthing  in  the  sand  or  stone  in  this  building  of  that  nature,  it  would 
tend  to  cause  disintegration. 

J.  O.  Ellinoer. — I  have  attended  a  great  many  meetings  at  which  the  sib- 
ject  of  reinforced  concrete  was  imder  discussion,  and  I  think  the  impreseiofi 
usually  left  on  the  minds  of  the  hearers  was  very  much  like  that  of  the  judge 
who  said,  when  he  addressed  the  jury,  "Gentlemen:  If  you  feel  like  me  you 
won't  believe  what  either  side  has  said."  So  much  in  the  way  of  successfol 
reinforced  concrete  work  has  now  been  done  that  to  attempt  to  consider  this 
subject  as  in  any  way  at  all  mysterious,  is  vitally  wrong.  The  whole  theory  of 
reinforced  concrete  is  just  as  susceptible  of  careful  analysis  and  of  correct  de- 
duction as  is  the  theory  of  steel  or  any  other  construction  with  which  we  are 
familiar. 

The  attempt  on  the  part  of  the  companies  who  do  concrete  work,  to  make 
the  outside  world  believe  that  they  alone  possess  the  secrets  of  this  art,  is  wrong. 
The  calculations,  after  all,  reduce  themselves  to  very  simple  formtilas,  with  whicfa 
the  engineer  in  his  ordinary  everyday  work  is  familiar.  It  seems  to  me  the 
following  is  a  good  example  illustrating  this. 

Some  time  ago,  last  summer,  Mr.  Mills,  whom  I  believe  is  somewhere  in  th» 
room  now,  sent  for  me  and  told  me  that  he  worked  out  his  sections  for  the  Phila- 
delphia Subway,  using  two  formula,  which  if  I  am  not  mistaken  were  those  of 
Johnson  and  Thatcher.     In  addition  to  this,  he  also  employed  an  approximate 
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one.  After  Mr.  Mills  gave  me  the  conditions  of  load  and  span,  he  requested 
me  to  work  out  the  amount  of  steel  and  concrete  which  would  be  required,  and 
entirely  independent  of  Mr.  Mills,  I  did  work  out  the  sections,  using  the  method 
of  Ritter  of  Zurich,  and  I  think  that  the  determinations,  based  upon  these  various 
formula,  came  out  within  one  or  two  per  cent.  Such  being  the  case,  I  do  not 
see  that  there  is  anything  mysterious  about  the  subject,  and  I  see  no  reason 
Tvhy  any  intelligent  engineer  cannot  work  out  the  required  sections.  On  the 
other  hand,  I  do  feel  that  the  best  care  is  necessary  in  the  execution  of  the  work, 
which  should  be  entrusted  only  to  workmen  who  are  familiar  therewith,  through 
experience. 

Mr.  Perrot  in  his  subject  has  spoken  of  the  failures  which  have  taken  place 
within  the  last  year  in  reinforced  concrete  constructions.  Being  engaged  in 
this  business,  I  have  been  and  am,  of  course,  vitally  interested  in  the  matter  and 
have  tried  to  analyze  these  failures.  In  carefully  8tud3dng  the  subject,  I  have 
found  that  the  general  cause  of  trouble  was  due  to  taking  down  the  forms  before 
the  concrete  was  set. 

The  failure  that  took  place  at  Binghampton  in  a  concrete  construction  was 
due  to  the  lack  of  inspection  on  the  part  of  the  architects,  who  permitted  rein- 
forced concrete  walls  to  be  built,  without  any  reinforcement. 

So  far  as  the  Trenton  failure  was  concerned,  if  my  imderstanding  be  correct, 
this  was  due  to  faulty  design,  faulty  material,  and  faulty  execution.  The  lesson 
to  be  learned  from  these  failures  is  very  simple,  and,  as  I  see  from  my  own  work, 
expert  help  must  be  had  to  carry  on  reinforced  concrete  constructions.  The 
engineer  may  design  excellently,  but  if  he  has  not  got  good  aids  in  the  shape  of 
good  material  and  expert  workmen  to  execute  his  work,  I  fear  he  will  have  poor 
results.  If,  on  the  other  hand,  his  designs  be  good  and  the  execution  entrusted 
to  good  men,  the  results  obtained  in  reinforced  concrete  construction  will  be 
as  good  as  those  obtained  by  any  other  method.  So  far  as  the  empiricism  of 
reinforced  concrete  construction  is  concerned,  as  I  said  at  the  beginning,  I  do 
not  think  it  is  more  general  than  the  empiricism  of  steel  construction,  and  the 
results  which  are  obtained  justify  this  conclusion. 

Answering  the  question  as  to  how  much  of  the  floor  slab  it  is  usual  to  take 
in  compression  as  forming  the  top  part  of  the  beam,  I  want  to  say,  that  the 
New  York  Building  Department  permits  the  designer  to  take,  for  thb  purpose, 
a  slab  five  times  the  width  on  either  side  of  the  beam. 

Mr.  Quimbt. — In  regard  to  the  slab  width  used  as  part  of  the  beam — it  de- 
pends in  a  measure  upon  the  shearing  value  of  the  concrete,  and  any  formula 
for  determining  the  available  width  must  be  based  upon  an  assumed  shearing 
value,  and  include  the  area  for  horizontal  shear  which  is  the  increment  whose 
accumulation  produces  the  flange  stress,  and  must  not  be  lo^t  si^ht  of. 
Ellinger  stated  in  effect  that  calculations  of  designs  of  composite  eonstrur' 
are  as  scientific  as  those  used  in  steel  construction.  I  feel  like  quarreling 
that  statement,  because  of  the  uncertain  strength  of  concrete.  I  ttimk 
the  claim  is  a  little  enthusiastic.  The  most  liberal  specifications  for  st 
those  issued  by  the  manufacturers  themselves — allow  a  range  of  only  ten  thoi 
pounds,  where  the  mean  ultimate  is  say  sixty  thousand — a  vniiation  of  m 
eight  per  cent.  Concrete  cubes  put  up  for  test — ^not  the  cont'rete  as  put 
the  work,  but  the  cubes  put  up  for  the  purpose  of  testing — vary  from  500  pm 
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to  4000  pounds  per  square  inch  in  crushing  strength.  Surely  what  is  put  toeetlH' 
in  the  field  by  workmen,  often  with  no  special  interest  in  their  work,  is  Kkdj 
to  have  in  places  even  less  value. 

Mr.  Elunqer. — Mr.  President :  that  characterizes  what  I  said,  may  be,  b:E 
I  have  never  heard  such  an  extravagant  statement  in  my  life  as  the  staton^* 
made  by  the  gentleman.  In  concrete  for  testing  pusposes,  imleas  the  oefzwst 
was  so  bad  that  a  tyro  would  have  rejected  it,  no  one  would  ever  estimate  tfe^ 
value  of  compression  as  low  as  five  hundred  pounds.  Whether  the  gentlcmac 
has  seen  some  extraordinary  work  which  I  have  not  seen,  I  do  not  know.  ReaL'.T 
upon  the  best  authority,  I  know  that  in  the  best  accepted  tests  concrete  cer- 
tainly varies  between  2500  and  4000  pounds.  In  addition — well,  I  ou^t  toA 
to  say  any  more.     It  is  too  late. 

Mr.  Quimbt. — In  the  city  testmg  laboratory  with  three  months'  old  ctibe# 
of  1,  3,  and  6,  we  have  had  results  below  five  hundred  pounds,  and  at  least  one 
tested  up  to  about  4000  pounds,  and  it  happens  that  these  extremes  oecuzred 
where  the  same  brand  of  cement  was  used.  I  think  there  are  some  gentlemes 
here  who  will  confirm  my  statement. 

Mr.  Ellinoer. — I  would  like  to  ask  Mr.  Quunby  what  cement  tested  500 
pounds  and  the  age  of  it. 

Mr.  Quimbt. — The  cubes  were  from  thirty  to  ninety  days  old,  and  it  happeD> 
that  the  same  brand  of  cement  was  used  in  the  4000  pound  cube  as  in  those  that 
broke  below  500  poimds — ^the  same  brand  and  I  think  the  same  mixture. 

Mr.  Ellinoer. — Mr.  President,  I  would  like  to  ask  Mr.  Quimby  whethrr 
he,  as  a  scientific  man,  before  he  made  the  test,  determined  the  value  of  the 
cement  before  the  cubes  were  made.  That  is  very  important.  Mr.  Quimby 
knows  that  in  cements  of  the  same  kind,  made  by  the  best  makers  of  cement, 
certain  carloads  would  come  up  to  the  highest  standard  and  otiiers  be  rejected. 
I  would  like  to  know  whether  the  500  cube  was  the  highest  grade  or  a  low  grade. 
Did  Bir.  Quimby  test  the  cement? 

W.  PuRVES  Taylor. — I  think  I  had  better  answer  myself,  as  I  made  the 
test.  Bir.  Quimby's  statement  is  generally  true.  We  have  had  one  sample  of  a 
reputable  brand  that  tested  462  poimds.  We  have  also  had  a  cube — I  am  not 
sure  whether  it  was  of  the  same  brand — that  tested  5112  pounds.  A  great  part 
of  this  difiference  is  due  not  only  to  the  cement,  sand  or  stone,  but  a  great  part 
is  due  also  to  the  way  the  concrete  is  put  in  the  cube  by  the  inspectors  oq  the 
work.    There  is  undoubtedly  the  same  difference  in  the  work  as  constructed. 

Mr.  Ellinoer. — Did  you  test  the  kind  of  cement — not  the  brands — and 
what  was  the  character? 

Mr.  Taylor. — All  the  cement  of  which  the  cubes  were  made  passed  the  re- 
quirements of  the  Bureau  of  Surveys,  which  are  pretty  severe.  The  cubes 
were  made  by  the  inspectors  on  the  work. 

Mr.  Ellinoer. — Were  the  cubes  made  from  cement  taken  from  the  shops 
on  the  work? 

Mr.  Taylor. — ^The  cement  concrete  entering  those  cubes  was  the  concrete 
that  was  put  in  the  work    They  were  not  specially  made  from  the  cement  itself. 

Mr.  Ellinoer. — But  that  particular  cement  out  of  which  the  cubes  were 
made  was  not  tested  by  you — not  the  brand,  but  that  particular  batch  of  which 
the  cubes  were  made  was  not  tested  by  you? 
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Mr.  Taylor. — No. 

Mr.  Ellinger. — That  is  the  point. 

Mr.  Perrot. — I  have  said  a  great  deal  and  the  hour  is  growing  late.  The 
question  of  the  reliability  of  concrete  was  one  of  the  topics  in  the  first  part  of 
my  paper,  and  I  do  not  think  that  in  practice  the  uniformity  of  the  mixture  is 
as  high  as  we  should  like  it.  That  is  the  reason  I  think  the  values  we  use  for 
reinforced  concrete  should  be  somewhat  lower  than  what  the  carefully  made 
tests  give  us.  The  formula  used  in  figuring  the  strength  of  floors  is  based  on  a 
certain  age  of  the  concrete.  We  count  on  the  concrete  to  develop  the  strength 
we  want  it  to,  according  to  formula,  in  six  months.  In  other  words  we  won*t 
say  that  before  the  six  months  it  is  as  strong  as  we  claim,  but  in  six  months' 
time  it  will  develop  that  strength.  It  may  develop  that  strength  before — in 
two  or  three  months — but  we  are  sure  it  is  going  to  be  the  required  strength 
in  six.  As  Mr.  Ellinger  said,  the  variation  of  any  particular  brand  is  sufficient 
to  make  a  wide  variation  in  the  ultimate  strength.  In  the  cement  for  a  particular 
building  we  designed  there  were  two  carloads  from  the  same  manufacturer 
rejected.  The  cement  that  came  from  the  works  was  uniform  one  week  but 
not  the  next.  Mr.  Taylor  knows  that  they  have  often  rejected  carloads  of 
cement  from  the  same  brand.  There  should  be  a  safeguard  as  to  what  cement 
should  go  in  the  work.  As  to  the  stone  and  sand,  there  is  not  so  much  danger, 
because  that  does  not  figure  very  largely  in  the  binding  quality.  The  cement 
is  the  vital  point.  If  you .  get  cement  uniform,  you  generally  have  a  concrete 
which  will  stand  the  loads  which  you  want  it  to  stand  in  practice.  I  know  we 
have  made  mixtiu^s  for  foundation  work  which  have  been  very  high  in  stone 
— as  much  as  eight  of  stone,  that  is,  1, 4,  and  8,  also  1,  5,  and  9,  which  have  been 
perfectly  satisfactory.  We  have  made  foundations  1,  2,  and  4  which  have  been 
very  rich.  On  an  average,  if  you  use  1,3,  and  5,  I  do  not  think  you  need  have 
any  fear,  provided  the  cement  will  pass  the  test.  There  is  a  quantity  of  free 
lime  in  cement  frequently,  and  if  allowed  to  remain  the  cement  will  not  meet 
the  required  test. 
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NOTES  ON  BURNING  BITUMINOUS  COAL. 


JOHN   M.    HABTMAN. 

Read  February  6,  ISOU. 

The  following  explanations  are  first  given:  tarry  vapor,  hydro- 
carbon, and  smoke  are  in  this  paper  spoken  of  as  black  gas — ^a  rich 
gas  of  far  higher  heating  power  than  the  carbon.  Bituminous  coal 
will  be  spoken  of  as  bituminous.  The  color-scale  here  referred  to  is 
a  scale  formed  of  one  thickness  of  gray  glass  capable  of  cutting  off 
60  per  cent,  of  a  sixteen  candle-power  Ught,  which  represents  No.  1 
scale.  Two  thicknesses  of  said  glass  is  No.  2  scale,  and  four  thick- 
nesses is  No.  3  scale.  In  1868,  when  the  "  bell  and  hopper"  was  first 
introduced  at  the  top  of  the  pig-iron  furnaces  to  force  the  gas  down 
to  the  boiler  and  stoves,  difficulty  was  experienced  in  igniting  the  gas 
after  a  short  stop  of,  say,  ten  to  twenty  minutes.  This  was  obviated 
by  placing  a  heavy  fire-brick  wall  across  the  boiler  chamber  for  the 
gas  to  impinge  on,  and  absorb  and  retain  the  heat,  which  fired  the  gas 
and  prevented  explosions  that  had  previously  occurred.  This  heav}- 
wall  was  also  found  to  assist  the  gas  in  burning,  and  in  making  perfect 
combustion  by  breaking  up  the  current  of  gas  and  mixing  it  thor- 
oughly with  the  air.  Bituminous  consists  of,  say,  carbon  82  per  cent., 
hydrogen  5  per  cent.,  nitrogen  1  per  cent.,  oxygen  6  per  cent.,  sulphur 
1  per  cent.,  and  ash  5  per  cent.  Powder  some  of  this  bituminous  and 
sprinkle  it  thinly  on  a  red-hot  plate,  say,  at  800  degrees ;  it  gives  off 
a  thick  black  gas  or  tarry  vapor  with  a  strong  bituminous  odor.  It 
is  the  hydrocarbon  passing  oflf  at  a  low  temperature.  The  quick 
liberation  of  this  black  gas  causes  the  difficulty  in  burning  bituminous, 
as  it  gets  away  from  us  before  we  heat  it,  ignite  it,  and  make  it  do  its 
work.  To  heat  and  ignite  the  black  gas  quickly  is  our  duty.  This 
can  be  done  with  heat  stored  up  and  replenished  for  that  purpose. 
Sprinkle  some  of  this  powdered  bituminous  thinly  on  a  glowing  yellow 
plate,  say,  at  a  temperature  of  2000  degrees ;  it  ignites  with  a  bright 
yellow  flame  w^hich,  seizing  the  free  air  around  the  plate,  bums  to  a 
transparent  gas — carbonic  acid  and  water,  without  odor.  The  red 
plate  develops  a  temperature  of,  say,  600  degrees;  the  yellow  plate, 
say,  3000  degrees.    The  red  plate  means  imperfect  combustion,  black 
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gas,   and  loss;   the  yellow  plate  means  perfect  oombiistion,  a  clear 
atmosphere,  and  thrift. 

Take  another  plate  heated  to,  say,  400  degrees,  the  temperature  of 

the  boiler  water,  and  hold  it  over  the  red  plate  while  the  black  gas  is 

passing  off,  letting  it  touch  the  plate.    The  plate  becomes  coated 

with  soot,  which  leaves  a  strong  bituminous  odor.    This  soot  is  one 

of  the  best  non-conductors  of  heat,  and  destroys  the  efficiency  of  the 

boiler  by  clogging  the  tubes.    Taking  the  yellow  plate  again  and 

sprinkling  a  thick  layer  of  bituminous  over  it,  the  flame  arising  bums 

on  the  exterior  only,  as  the  air  cannot  get  at  the  interior  of  the  flame 

until  it  has  reached  far  above  the  plate,  and  by  that  time  the  gas  has 

expanded,  which  lowers  the  temperature  and  it  will  not  ignite.     Hold 

the  400  degree  plate  over  the  flame;  soot  will  collect  on  it.    Taking 

the  yellow  plate  again,  sprinkle  some  of  the  powdered  bitimiinous 

over  it — a  yellow  flame  outside  and  black  gas  inside  appear;  then  hold 

another  yellow  plate  above  it,  where  the  flame  is  black  outside.     The 

black  gas  fires  and  combustion  takes  place.    The  gas  and  air  being 

heated  causes  a  quick  combination  of  the  two.    We  have  with  the 

upper  yellow  plate  added  to  the  black  gas  the  heat  of  ignition  and 

fired  it;  it  then  bums  to  its  full  equivalent  of  heat.     In  place  of  the 

upper  yellow  plate,  let  us  substitute  a  yellow  fire-brick  to  absorb 

heat.     This  will  give  heat  to  the  gas  and  air  and  fire  them ;  the  gas 

burning  at  a  high  heat  gives  back  to  the  fire-brick  the  heat  which 

it  gave  to  the  gas.    The  brick  also  receives  heat,   after  gas    is   all 

driven   off,  by   the   radiation  from   the   coke   fire  below,  which  is 

glowing  white,  and  exposes  the  brick  to  its  direct  rays.    As  soon 

as  the  bitmninous  is  put  on  again,  black  gas  is  evolved  and  heat  is 

absorbed  by  it;  but  the  black  gas  is  burned  clear.    This  interchange 

of  heat  continues  as  long  as  the  fire  is  kept  up.    In  burning  the  black 

gas  this  radiant  heat  from  above  is  the  most  effective.    As  the  black 

gas  rises,  it  expands,  lowering  its  temperature,  and  it  is  then  supplied 

with  heat  from  above,  which  ignites  it  and  thus  does  not  rob  the  fire 

below.     Buming  the  gas  in  contact  with  the  brick  above  it,  heats  lk§ 

brick,  causing  more  heat  storage.    The  fire-brick  acts  as  a  fly-v' 

to  store  up  heat  and  give  it  out  again.    By  this  means  the  gas  i 

buming  continuously. 

After  the  black  gas  is  volatilized,  the  heat  taken  up  in  volatili 
is  carried  up  the  chimney  and  lost,  if  the  additional  heat  is  not  i 
to  ignite  it.  This  deficiency  of  heat  robs  the  fire  when  it  h  wm 
results  in  the  evolution  of  more  black  gas  and  an  increase  in  wi, 
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In  the  burning  of  bituminous  there  are  three  absorptions  of  hea: 
before  perfect  combustion  takes  place. 

First:  the  heat  to  liberate  the  black  gas. 

Second:  the  heat  to  supply  the  gas  as  it  expands. 

Third:  the  heat  to  ignite  the  gas. 

This  shows  that  a  glowing  hot  fire  and  ample  heat  storage  by  fijv- 
briek  are  required  at  all  times  for  perfect  combustion. 

To  bum  bituminous  in  a  boiler  these  principles  apply  as  well  as  on 
the  plates  described.  The  first  thing  to  be  done  with  a  fire  is  to  nui^ 
it  carefully  until  it  attains  a  white  heat.  After  this,  a  high  tempera- 
ture is  to  be  maintained  by  small  additions  of  bituminous,  for  it  is 
only  at  this  high  temperature  that  the  full  equivalent  of  heat  in  the 
bituminous  can  be  obtained  from  it.  Whatever  color  there  is  in  the 
smoke  at  the  chimney-top  represents  a  loss  due  to  the  black  gas  not 
being  burned  in  the  furnace  or  fire-box.  If  the  red  plate  develops 
one  heat  unit,  the  yellow  would  develop,  say,  4^  heat  units  with  thf 
same  fuel. 

The  air  required  to  bum  one  pound  of  bituminous  is  about  150  cubic 
feet  for  combustion  to  carbonic  acid,  but  in  practice  from  225  to  300 
feet  are  used.    This  excess  of  air  dilutes  the  heat  of  the  fire-box  and 
results  in  a  loss.    Much  of  this  diluting  effect  can  be  avoided  by 
heating  the  air,  which  will  cause  quicker  combustion  with  both  the  coal 
and  the  black  gas.    Unless  heated,  this  extra  air  does  not  get  the 
proper  time  to  combine  with  the  black  gas  before  it  gets  into  the  tubes, 
when  further  combustion  is  stopped  by  the  tubes  lowering  the  t«n- 
perature  below  the  point  of  ignition.    Old  firemen  prefer  to  carry  a 
thin  fire  and  have  all  the  air  come  up  through  the  burning  fuel.     The 
only  objection  is  that  the  engineer  may  open  full  stroke  and  tear  his 
fire  to  pieces,  if  on  a  locomotive;  hence  the  fireman  has  to  carr>'  a 
thicker  fire  than  would  otherwise  be  required,  which  makes  more 
smoke.    A  check-valve  at  the  bottom  of  the  smokestack  will  correct 
this  trouble.    With  a  thin  fire,  more  free  air  passes  through  the  fire- 
bed,  and  being  heated  in  its  passage,  it  is  in  a  better  condition  to  unite 
with  the  black  gas  and  bum  it  quickly.    The  regulation  of  the  air  is 
a  serious  question.    When  fresh  fuel  is  added,  black  gas  is  evolved 
in  large  quantities,  and  an  increase  in  the  supply  of  air  is  required  to 
bum  it;  but,  the  air  being  cold,  combustion  is  checked  to  a  certain 
extent;   in  addition,  there  are  the  three  heat  absorptions  to  furtJier 
cool  the  fire.    As  the  black  gas  is  gradually  driven  off,  less  air  is 
required.    The  air  can  be  controlled  by  the  fire-door  being  left  partly 


Hartman — Notes  on  Burning  Bituminous  Coal,  161 

open  and  then  gradually  closed  as  the  black  gas  decreases.  When 
the  fire  is  kept  intensely  hot,  as  it  should  be,  the  black  gas  will  be 
burned  before  reaching  the  tubes.  It  is  a  question  of  the  ratio  of 
the  calories  in  the  fuel  plus  the  heat  in  the  furnace  or  fire-box,  and 
the  time  required  for  the  mingling  and  combustion  of  the  air  and  black 
gas  before  they  reach  the  tubes  or  water  surfaces  of  the  boiler,  as  to 
whether  we  will  have  perfect  combustion  or  not.  An  intensely  hot 
fire  to  give  a  short  quick  combustion  is  the  requirement  in  burning 
bituminous.  The  oftener  the  bituminous  is  added,  the  smaller  and 
more  irnif orm  will  be  the  volume  of  black  gas  evolved  per  second  and 
the  more  attention  is  required,  but  the  fire  will  be  more  steady.  Per- 
fect combustion  and  heat  absorption  by  the  water  surfaces  cannot  go 
on  at  same  time  and  place ;  some  black  gas  will  escape  unbumed. 

In  starting  a  fire  in  a  stationary  boiler,  wood  is  placed  uniformly 
over  the  grate  and  fired  all  over,  cheap  or  spent  oil  being  used.  The 
fire-doors  are  left  open  to  give  plenty  of  air  and  keep  down  the  smoke. 
When  the  wood  has  burned  off  all  its  smoke,  place  on  the  wood  the 
old  coke  left  from  the  last  fire  and  let  it  bum  up;  then  add  bituminous 
lump  slowly,  giving  it  plenty  of  air  until  it  is  well  ignited,  after  which 
the  air  can  be  regulated  to  suit  the  fire.  The  fuel  must  now  be  burned 
at  an  intense  heat;  and  by  successive  additions  of  a  single  shovelful, 
of  about  18  pounds,  must  be  kept  at  this  heat.  This  will  give  an 
escaping  gas  at  the  chimney-top  of  No.  2  scale  or  under.  In  opera- 
tion, the  fire  is  kept  of  uniform  thickness,  except  at  the  comers  and 
sides,  where  it  is  kept  a  little  thicker  to  prevent  the  air  from  passing 
up  too  freely.  It  will  require  attention  every  three  to  five  minutes 
to  obtain  good  results  and  as  nearly  perfect  combustion  as  can  be 
gotten  with  a  plain  grate,  for  the  black  gas  evolved  toward  the  bridge- 
wall  or  tube-sheet  will,  by  the  cooler  water  surfaces,  be  chilled  below 
the  point  of  ignition. 

James  Watt  in  his  day,  finding  the  smoke  nuisance  so  great,  pushed 
his  grate  bars  back  from  the  front  about,  IS  inches!  and  put  a  dtml 
plate  in  this  space.     On  this  dead  plate  hc^  j>laeed  a  bank  of  *        '     ^^s 
that  was  heated  by  radiation  from  the  fimiace;  part  yf 
bemg  driven  off,  and  escaping  over  the  fire,  was  igo^ 
*  before  it  touched  the  water  surfaces.    When  it  war' 
the  fire,  this  bank  was  pushed  over  the  im  evenly 
a  fresh  bank.    With  the  slow  mnning  of  those  i^ 
to  drive  off  the  greater  part  of  the  black  gm  fr 
the  rapid  mnning  of  these  days  better  means  ; 
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greater  part  of  the  black  gas  off  in  time  for  re-coaling.  Where  they 
used  60  pounds  of  bituminous  per  square  foot  of  grate  per  hoiir,  w? 
use  to-day  135  poimds  successfully,  and  have  little  black  gas  from 
the  chimney;  but  when  we  slaughter  coal  and  use  180  pounds  per 
square  foot,  we  have  immense  volumes  of  black  gas  at  the  chimney  and 
get  no  greater  useful  results  than  if  we  burned  135  pounds  scientificidlT. 
The  superintendents  of  the  railroads  have  increased  the  engine  end 
without  caring  for  the  grate  end,  and  have  piled  work  on  the  loco- 
motive proportioned  to  the  engine  end. 


A  PPOPOSED  GRATE  FOR  BINNING 

BITUMINOUS  COAL 
Fig.  1. 


A  is  an  internally  fired  tubular  boiler. 

B  is  the  main  grate  with  shaking-grate  arrangement. 

C  is  the  low-down  grate  with  shaking-grate  arrangement. 

D  is  the  brick  lining  of  the  fire-box. 

E  is  the  bed  of  coke  burning  on  the  main  grate. 

F  is  the  bank  of  bituminous. 

G  is  the  bed  of  coke  burning  on  the  low-down  grate. 

H  is  the  space  for  the  escape  of  gas  from  the  low-down  grate. 

I  is  the  fire-mouth  the  whole  width  of  fire-box. 
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When  the  bank  of  bituminous  was  pushed  over  on  the  fire,  part  of 
the  black  gas  escaped  at  the  chimney-top  for  one  or  two  minutes,  as 
the  black  gas  in  the  interior  of  the  bank  had  not  been  evolved.  This 
arrangement  was  a  help  to  prevent  smoke,  and  is  used  to  this  day. 
Coking  on  the  dead  plate  extends  the  time  for  re-coaUng  to,  say,  five 
shovels,  and  gives  the  fireman  some  leisure.  These  two  methods  of 
hand-firing  are  widely  known  and  are  not  patented. 

Another  method  by  which  a  fire  may  be  re-coaled  so  as  to  effect 

satisfactory  ignition  of  the  black  gas  is  seen  in  the  operation  of  the 

Hawley  down-draft  patent,  consisting  of  a  coarse  incUned  water  grate 

placed  over  another  grate  inclined  ^ith  bars  closer  together.     Fire 

being  started  on  the  upper  and  lower  grates,  the  bituminous  is  burned 

to  coke,  which  is  barred  on  the  upper  grate,  and  the  smaller  pieces 

passing  the  upper  grate  fall  on  the  lower,  highly  heated,  where  they 

form  a  good  body  of  coke.     Bituminous  being  added  to  the  top  grate, 

the  black  gas  is  drawn  down  through  the  fire  and  fired  in  passing 

through  the  bed  of  burning  coke  on  the  lower  grate.    This  grate  works 

well,  gives  a  high  heat  evaporative  duty,  but  it  requires  work  to  bar 

the  coke  down  to  the  lower  grate  and  much  attention  on  the  part  of 

the  fireman.    The  chimney-top  shows  from  No.  2  scale  down  to  No.  0. 

In  hand-firing  and  machine  stoking  the  first  requirement  is  that  the 

black  gas  shall  be  burned  to  carbonic  acid  and  water,  giving  a  clear 

chimney-top. 

Second:  the  black  gas  must  receive  a  full  supply  of  air  to  bum  it. 

Third:  the  black  gas  must  be  burned  before  it  touches  the  water 

surfaces  or  the  tubes. 

Fourth:  the  black  gas  must  be  evolved  in  time  to  bum  before  reach- 
ing the  tubes. 

Fifth:  the  air  to  bum  the  gas  must  be  heated  to  obtain  a  high  tem- 
perature and  make  a  short  bum. 

To  make  it  easier  for  the  fireman  in  hand-firing  and  give  a  good 
combustion,  a  grate  of  the  type  shown  in  Fig.  1  is  proposed. 

The  fire  having  been  started  on  the  two  grates  and  burned  to  coke, 
a  bank  of  bituminous  is  placed  at  F,  where  it  is  attacked  l>elo^  *'^ 
the  heat  of  the  low-down  grate,  by  the  heat  parsing  over  it  f 
and  by  the  radiant  heat  from  D,  the  fire-briek  lining,  an4ii 
radiated  from  B.    Black  gas  is  quickly  evolved  and  ^up{i 
heated  air  from  the  space  H,  where  the  fire  k  thin  to  aMom 
or  more  than  is  required  for  the  combu&tion  *if  t  ho  coke  * 
it  and  be  heated  in  passing.    This  extra  air  being  heatod 
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combustion,  burning  all  the  black  gas  before  it  reaches  the  'wat^r 
surface  or  tubes,  where  it  would  be  cooled.  Free  air  also  pnsse^ 
through  the  coke  at  B  and  is  heated.  When  the  time  arrives  for  re- 
coaling,  a  small  portion  of  the  coked  bank  F  is  scraped  back  into  the 
space  H  to  keep  it  full  of  coke  and  to  give  free  passage  to  the  air. 
The  bank  F  is  then  broken  up  and  pushed  over  the  grate  B,  leveled. 
and  another  bank  F  made.  This  bank  F  holds  back  the  black  gas 
in  its  interior,  letting  it  escape  slowly  and  steadily,  thus  avoiding  tl» 
necessity  for  large  volumes  of  air  at  intervals,  as  would  be  the  case  if 
the  bituminous  were  spread  in  a  thin  layer,  resulting  in  a  much  quicker 
evolution  of  gas.  The  fire-mouth  I  has  two  doors  covering  its  width. 
Re-coaling  is  done  alternately  at  the  two  doors,  thus  getting  tbf 
benefit  of  cross-firing.  Driving  the  black  gas  off  near  the  firing- 
doors  gives  ample  time  to  mix  the  air  with  it  before  it  reaches  the 
water  surfaces  or  tubes. 

The  fire-brick  Uning  acts  as  an  accumulator  when  the  fire  is  at  ite 
height,  by  heat  absorption  before  re-coaling.  On  re-coaling,  the 
temperature  of  the  fire  is  lowered,  but  the  fire-brick  gives  out  its  heat 
and  ignites  the  gas,  keeping  up  thorough  combustion.  As  the  fire 
becomes  hotter,  the  heat  is  again  taken  up  by  the  fire-brick  and  stored 
for  the  next  re-coaling;  thus  a  continual  interchange  goes  on  with 
thorough  combustion,  which  prevents  the  formation  of  soot  on  water 
surfaces  and  tubes,  thus  contributing  to  the  perfect  conduction  of  the 
heat  through  the  tubes  to  the  water.  Steam  is  made  cheaper  from 
the  tubes  than  from  the  fire-box.  One  square  foot  of  tube  is  eqiial 
to  four  square  feet  of  fire-box  surface,  considering  average  tempera- 
tures. 

Perfect  combustion  in  the  presence  of  water-cooled  surfaces  ab- 
stracting the  heat  from  the  burning  black  gas  and  in  contact  with 
them  is  not  to  be  had.  To  get  it,  all  combustion  must  be  made  in  the 
presence  of  fire-brick  or  other  non-conductor,  hence  the  necessity  of 
the  fire-brick  lining  to  the  fire-box  in  burning  bituminous.  Lining 
the  fire-box  may  require  a  sUght  addition  to  the  tube  surface  for  the 
same  work;  it  would  not  be  much,  as  we  get  a  hotter  fire  and  cleaner 
surfaces.  The  presence  of  the  fire-brick  will  make  less  free  air  neces- 
sary for  perfect  combustion  than  is  now  used.  It  will  save  the  crown- 
sheet  from  cracking  and  help  in  case  of  low  water.  It  will  prevent 
cold  air  from  cooling  the  gas  and  stopping  combustion  when  the  door 
is  open  for  re-coaUng.  To  line  the  fire-box  requires  no  special  appli- 
ances.   This  lining  is  firmer  than  the  arch  now  used  and  is  not  disin- 
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tegrated  by  the  coal,  and  while  it  is  not  so  close  to  the  fire,  yet  it  does 
the  work  well. 

To  ask  locomotive  firemen  to  fire  bitmninous  by  hand  and  give  good 
combustion  without  using  fire-brick  to  ignite  and  bum  the  black  gas 
is  the  height  of  folly;  it  cannot  be  done.  No  better  proof  is  wanted 
than  an  examination  of  the  records  of  railroads  using  the  fire-brick 
arch  and  those  not  using  it.  The  fire-brick  arch  in  locomotives  takes  up 
and  gives  out  heat  when  wanted  to  help  combustion,  and  retards  the 
black  gas  evolved  next  to  the  tube-sheet,  giving  it  time  before  it  gets 
over  the  arch  to  mix  with  the  air.  The  arch  does  its  work  and  pajrs 
well,  but  is  somewhat  diflicult  to  suspend,  and  the  attrition  of  the 
fuel  disintegrates  it  in  time. 

What  has  been  done  to  help  the  fireman  who  has  an  imperfect  boiler 
tools  and  material — coal  frozen  in  large  lumps,  etc.?  He  must  make 
steam  to  keep  up  his  speed.  He  gets  poor  pay;  fires  with  his  muscle, 
not  with  his  brains;  wastes  coal;  then  we  get  well  blackened  and 
blame  him  for  it.  Genuine  firemen  are  wanted,  not  coal-heavers  who 
crowd  the  fire-box  full  of  coal  and  then  skip  up  into  the  cab  and  play 
with  the  bell  while  the  locomotive  is  trying  to  digest  her  uncomfortable 
meal  and  is  showering  coal  and  smoke  over  the  public.  Genuine 
firemen  should  be  licensed  and  protected.  They  save  in  coal  more 
than  their  wages,  besides  saving  the  public  discomfort.  This  is  an 
age  of  specialists — the  fireman  has  become  one  of  them;  we  must 
recognize  it.  The  position  of  fireman,  properly  carried  out,  requires 
as  much  skill  and  more  labor  than  that  of  the  engineer.  Railroads 
are  beginning  to  see  it  in  that  light. 

The  day  is  coming  when  the  locomotive  boiler  will  be  a  mass  of 
tubes  and  the  fire-box  will  be  transferred  to  the  tender;  then  explo- 
sions from  the  fire-box  and  crown-«heets  will  be  ended  and  the  trailer 
will  be  out  of  a  position. 

The  following  reports  will  throw  some  light  on  this  subject: 

Philadelphia,  Pa.,  Jan.  12,  1903. 
H.  L.  Shock,  Esq.,  Chairman  of  Boiler  Inspection. 

Dear  Sir:  On  Thursday,  September  25th,  accompanied  by  Mr. 
Daley,  member  of  the  Committee,  and  Mr.  Masterson,  Secretary  of 
the  Gonmiittee,  your  Sub-Chairman  went  to  New  York  to  take  a  trip 
on  the  New  York  Central  Railroad,  and  see  the  results  obtained  by  the 
use  of  the  "Perfection  Burner"  on  the  locomotive  leaving  8.45  a.  m. 
for  Poughkeepsie  with  long  Wagner  or  Pullman  Parlor  Cars.  The  dis- 
tance covered  was  74  miles  and  was  run  in  100  minutes.  Through 
the  courtesy  of  Mr.  Waitt,  Chief  of  Motive  Power,  your  Sub-Chairman 
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was  allowed  to  ride  on  the  locomotive,  and  every  facility  was  givtr 
him  to  see  the  operation  of  the  burner,  which  is  not  patented. 

The  fire  had  been  started  as  usual,  with  hard  coal,  to  prevent  smok- 
at  the  round-house  while  getting  up  steam,  and  to  prevent  smoke  i; 
the  long  tunnel  from  the  depot  outward.  The  distance  through  tV 
tunnel — probably  2J  miles — ^is  run  at  a  moderate  speed  for  safex^ 
This  hard-coal  fire  lasted  for  twenty-five  minutes,  by  which  time  ^' 
were  well  out  in  the  open  air.  A  fair  bed  of  coal  still  existed  on  th- 
grate.  The  fireman  then  commenced  building  up  the  bed  bj'  addiir 
fresh  coal  in  small  quantities  often,  until  he  got  a  good  depth  of  coht 
After  this,  by  constant  additions  of  soft  coal  about  every  three  min- 
utes, he  kept  and  maintained  this  bed  of  coke  at  a  white  heat  sj^i 
with  little  smoke.  About  95  per  cent,  of  this  smoke  went  off  fmn 
the  smokestack  a  light  gray  No.  2  color-scale.  For  a  few  moment- 
after  adding  three  small  shovels  of  coal  the  smoke  would  darken  to  a 
dark  gray  No.  3  color-scale. 

In  firing  he  piled  most  of  the  coal  just  inside  of  the  two  firing-doors, 
but  was  careful  to  throw  coal  in  any  space  in  the  bed  of  coke  which 
showed  signs  of  burning  through  and  admitting  air  into  the  fire-boi. 
Steam  was  kept  uniform  the  whole  distance,  with  only  a  small  amouni 
of  blowing  off  at  the  safety-valve  on  one  occasion,  for  a  few  second?. 
Tw^ice  on  the  trip,  after  the  coal  lying  inside  of  the  fire-doors  had  thf 
gas  well  driven  off  from  it,  the  fireman  took  his  rake  and  raked  tiiis 
coal  over  the  bed  of  the  fire;  fresh  coal  was  put  inside  of  the  door 
again.  Once  during  the  trip  he  shook  the  grate  Hghtly  to  relieve  the 
fire  of  the  ashes.  TTiroughout  the  trip  there  was  perfect  co-operatioo 
between  the  engineer  and  the  fireman.  Better  firing  would  be  difl5cuJi 
to  get  than  there  was  on  this  trip.  Nothing  was  done  to  help  the 
"  Perfection  Burner,"  which  was  not  changed  or  regulated  during  the 
trip.  Only  a  small  amount  of  steam  is  used  in  this  apparatus  to 
induce  an  air-current  through  the  tubes  over  the  fire-doors  to  burn 
the  gas.  The  small  valve  to  let  in  the  steam  was  open  one-eighth  of 
a  turn  of  the  hand-wheel. 

This  gas-consuming  apparatus  consists  of  a  fire-brick  arch  in  the 
firing-box,  and  another  arch  over  each  of  the  firing-doors.  Over 
those  arches  at  the  doors,  jets  of  air,  plus  a  little  steam  to  induce  the 
jet,  are  placed.  There  is  no  machinery  attached  to  this  burner.  The 
fire-brick  arch  in  the  fire-box  has  been  used  for  years  and  gives  ex- 
cellent results.  The  arrangement  of  the  air-jets  and  arches  over  the 
doors  is  the  new  feature  in  this  form  of  burner.  No  smoke  was  visible 
from  the  car  windows  of  the  train;  while  the  trains  running  in  the 
opposite  direction  and  not  equipped  with  the  burner  were  rolling  out 
great  quantities  of  thick  black  smoke.  The  locomotives  on  the  West 
Shore  Railroad  on  the  opposite  side  of  the  Hudson  River  were  plainly 
visible,  and  gave  out  great  volumes  of  black  smoke.  The  New  Yoii 
Central  Railroad  is  placing  these  burners  on  all  of  its  locomotives, 
and  on  a  careful  test  which  they  made,  they  found  a  saving  of  12  per 
cent,  in  fuel.  Yours  very  truly, 

John  M.  Hartman,  Chairman  Sub-Committet. 
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Philadelphia,  October  22,  1903. 
H.  R.  Shoch,  Chairman  Boiler  Inspection  Department. 

Dear  Sir:  On  Monday  the  19th  inst.  your  Sub-Committee,  Messrs. 
Hubbs,  Mastereon,  and  Hartman,  went  to  Pittsbui^  and  to  Cleveland, 
to  inquire  into  the  operation  of  mechanical  stokers  and  gather  data 
on  the  smoke  nuisance  abatement. 

On  the  morning  of  the  20th  we  visited  the  foi^ge  of  the  Oil  Well 
Supply  Company  to  examine  a  Jones  Underfed  Stoker  at  work  on  a 
forge  furnace  for  heating  6-inch  wrought^iron  billets.  We  found 
them  removing  the  clinker  from  the  fire  which  had  accumulated  in 
six  hours.  They  use  bituminous  slack,  the  run  of  the  mine,  which  con- 
tains more  clinker-making  material  than  the  regular  market  bitu- 
minous. After  the  clinker  was  removed  the  stoker  pushed  in  a  lot 
of  fine  bituminous  which  gave  a  dark  smoke  at  the  chimney-top  for 
three  minutes  and  then  fell  off  to  a  clear  top,  at  which  it  remained  for 
six  hours,  or  until  the  next  clinker  was  removed.  The  interior  of 
the  furnace  is  at  a  glowing  white  heat.  Since  using  this  stoker  they 
have  doubled  their  output  and  bettered  the  quality,  using  the  same 
men  and  the  same  amount  of  bituminous  as  with  the  old  on  the  old 
hand-firing  method.  The  stoker  has  been  working  fifteen  months, 
in  constant  use  day  and  night,  and  has  cost  nothing  for  repairs. 

At  Cleveland  we  were  met  by  John  Krause,  Supervising  Engineer, 
who  went  over  their  methods  carefully  and  turned  us  over  to  his 
assistant,  Mr.  Woodward,  who  went  around  with  us  and  showed  us  all 
the  stokers  which  had  given  good  results.  At  the  city  hall  we  found 
the  boilers  equipped  with  Jones  Underfed  Stokers,  doing  excellent  work 
and  giving  a  clear  chimney-top.  At  the  next  place,  the  Davies  or 
American  Underfed  Stokers,  were  giving  a  smoke  at  the  chimney-top 
of  No.  3  color-scale.  The  boiler-setting  here  was  imperfect.  At  the 
same  place  they  had  another  large  boiler  equipment  with  Chain  Grate 
Stokers.  These  give  good  results  in  economy  and  a  clear  chimney- 
top  when  running  with  a  steady  load,  but  when  extra  steam  is  re- 
quired the  stoker  gives  a  dark  chinnney-top.  The  next  place  had  the 
Brightman  Stoker.  This  had  brrjken  down  teniporarily  and  was 
being  fixed.  We  waited  until  they  .started  up,  but  the  t-himiiey-Ujp 
was  smoky.  At  this  same  place  they  had  the  Twin  Arch  Hand  Firr?d 
Furnace,  but  it  was  not  running.  The  water-tubes  of  the  arch  are 
too  close  to  the  fire  for  safety.  At  the  next  place  they  had  a  hori- 
zontal revolving  grate,  but  its  construct  ion  will  xiecfssitate  many 
repairs.  At  the  next  place  the  Murpliy  Stoker  wa#t  in  urn  and  wiyT 
working  well,  giving  good  evaporative  duty  and  a  clrar  chimney-top 

In  Cleveland  they  have  799  stokers  at  work,  of  which  there  are  i 
distinct  types.    The  majority  are  of  the  Murphy  grat**  fypc^  IqIIqbb 
by  the  Jones  Underfed,  which  is  a  later  design  and  mon» 
construction.    After  a  careful  exarninatioa  it  was  four  ^ 
types  of  stokers  have  given  the  bei5t  reKuIt^ : 

Krst:  the  Murphy  Stoker. 

Second :  the  Jones  Underfed  Stoker. 

Third:  the  Chain  Grate  Stoker. 
7 


i 
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The  Murphy  stoker  is  adapted  to  externally  fired  boilers.  It  n- 
quires  considerable  space,  and  does  not  respond  to  sudden  calk  for 
more  steam  without  a  smoky  chinmey-top,  and  requires  an  aveis^ 
amount  of  repairs.  With  steady  work  it  gives  a  clear  chininey-t<K 
It  requires  the  fireman  to  break  up  the  crust  or  coke  on  the  bed  of  j 
fuel  from  time  to  time.  The  grate  is  inclined  on  both  sides  and  tk 
coal  is  worked  down  on  the  fire  by  the  movement  of  the  grate.  I: 
delivers  its  cUnker,  which  is  broken  up  by  the  stoker. 

The  Jones  Underfed  Stoker  is  adapted  to  any  form  of  boil«— 
puddling,  heating  furnaces,  or  locomotive.  It  has  the  smallest  amoou* 
of  machinery  and  occupies  the  least  space  and  requires  little  repairs 
It  is  flexible  and  responds  to  sudden  calls  for  steam  with  a  clear  chim- 
ney-top. The  clinker  is  removed  by  hand  without  stopping  the  st^H 
This  operation  is  the  only  manual  labor  required  and  is  not  difficult 
to  perform.  The  crust  of  coke  formed  on  all  bituminous  fires  is  t 
this  stoker  kept  broken  up  by  the  ram  pushing  the  bituminous  b 
under  the  fuel  and  raising  the  fire.  It  gives  high  economy,  a  clear 
chinmey-top,  and  the  escaping  gas  contains  only  0.33  per  cent,  d 
burning  gas  or  combustible. 

The  Chain  Grate  is  adapted  to  externally  fired  boilers.  It  has  tfe 
most  machinery  and  requires  the  most  repairs.  In  regular,  steady 
work,  it  gives  good  economy  and  a  clear  chimney-top,  but  when  called 
on  for  extra  steam  it  gives  a  dark  chimney-top.  Trials  of  this  stoks 
at  Pencoyd  Iron  Works,  Philadelphia,  showed  a  clear  chimney-top 
with  a  steady  load,  but  the  economy  was  not  so  high  as  that  of  other 
stokers. 

There  is  a  marked  difference  in  the  atmosphere  in  Cleveland  in  tk 
past  four  years.  It  is  only  half  as  dark  as  it  was,  notwithstanding 
the  fact  that  the  manufactories  have  doubled  in  number.  While 
there  are  yet  smoky  chinmejrs,  they  are  all  to  be  corrected  by  the  use 
of  stokers  which  are  contracted  for  but  not  yet  dehvered,  by  reason 
of  the  great  demand  for  them. 

Tlie  city  of  Qeveland  finding  it  necessary  to  abate  the  smoke 
nuisance  as  much  as  possible,  engaged  Professor  Benjamin  to  tak^ 
up  this  subject  and  investigate  it.  He  soon  found,  as  did  others, 
that  the  so-called  smoke  was  combustible  gas  escaping  from  the  bitu- 
minous and  going  up  the  chimney  unbumed,  causing  a  waste  of  heat 
and  power. 

To  bum  this  gas  and  use  the  heat  could  be  fairly  well  done  by  hand- 
firing  and  exercising  care,  adding  bituminous  every  five  minutes.  To 
bum  gas  economically  and  prevent  all  smoke  at  the  chinmey-top  it 
was  found  that  stokers  were  the  best  and  cheapest.  To  fire  by  hand 
is  light  work,  but  it  requires  steady  application  of  the  fireman,  wbUe 
with  the  stoker  the  hopper  is  filled  and  will  run  twenty  minutes  or 
more  without  replenishing.  With  the  stoker  the  fire  is  being  con- 
stantly fed  and  an  uniform  steady  fire  is  maintained  without  opening 
the  doors,  thus  permitting  large  volumes  of  cold  air  to  come  in  contact 
with  the  fire  at  a  time  when  the  air  should  be  excluded. 
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Professor  Benjamin  then  began  a  series  of  lectures  and  newspaper 
articles  on  this  subject  to  get  the  people  interested.  In  tins  he 
appealed  to  the  manufacturers'  pocket-books  by  showing  them  that 
they  could  save  10  per  cent,  on  their  coal,  and  appealed  to  the  citizens 
for  a  clearer  atmosphere.  This  agitation  was  kept  up,  and  culminated 
in  the  erection  of  stokers  at  the  city  hall  as  an  object-lesson,  and  finally 
by  the  appointment  of  a  Bureau  of  Smoke  Abatement,  with  John 
Krause  as  Supervising  Engineer.  This  bureau  has  been  backed  up 
with  the  proper  ordinances  by  the  City  Coimcils.  Mr.  Krause  has 
taken  hold  of  his  work  firmly,  but  exercises  great  care  and  judgment 
with  his  power  in  carrying  on  his  work.  Conciliation  and  not  antag- 
onism is  his  motto.  His  success  is  shown  by  the  reduction  of  the 
smoke  and  the  respect  entertained  for  him  by  the  citizens.  His  three 
inspectors  are  on  the  alert  taking  observations  and  classifying  the 
smoke  by  a  color-scale. 

When  Mr.  Krause  finds  a  determined  offender,  he  invites  him  to  his 
office  and  has  a  pleasant  talk  with  him  and  explains  what  can  be 
done.  This  always  results  in  less  smoke  and  the  appliance  of  some 
means  to  further  decrease  it.  A  short  time  ago  the  locomotive  firemen 
on  the  North  Side  became  careless  and  showered  volumes  of  smoke 
over  the  city.  The  inspector  reported  them  and  requested  them  to 
call  on  Mr.  Krause.  After  explaining  to  them  how  to  bum  the  bitu- 
minous properly  and  avoid  smoke,  they  departed  promising  to  do 
better,  which  they  did,  as  they  felt  it  would  be  a  disgrace  to  l^  called 
up  again  and  then  fined. 

The  New  York  Central  Railroad  at  Geveland  is  using  on  its  loco- 
motives the  "Perfection  Burner"  and  making  little  smoke.  This 
burner  was  mentioned  in  our  report  to  you  of  October  last,  which 
stated  that  the  smoke  was  No.  2  color-scale.  The  Erie  Railroad  is 
trjdng  other  methods,  and  all  along  the  line  there  is  shown  an  effort 
to  reduce  the  smoke. 

Mr.  Krause's  assistants  gauge  the  color  of  the  smoke  by  their  eye 
and  apply  mmibers  to  the  density.  Their  reports  are  filed  and  can 
be  referred  to  at  any  time.  They  show  a  yearly  decrease  in  the  smoke 
nuisance.  The  total  expense  of  this  bureau  is  $8000  a  year.  The 
population  of  Qeveland  is  over  400,000. 

The  stoker  manufacturers  install  their,  stokers  with  a  guarantee  of 
saving  10  per  cent,  in  fuel  consumption,  and  in  some  cases  have  shown 
25  per  cent,  saving.  For  hand-firing  the  Hawley  Down-Draft  and 
the  Twin  Areh  systems  are  used. 

Our  thanks  are  due  to  Messrs.  Krause  and  Woodward  for  their 
many  courtesies  and  hearty  co-operation. 

John  M.  Hartman, 
Chairman  of  Committee  on  Smoke  Abatement, 

Mechanical  Stoking. 
In  the  travels  of  the  Philadelphia  Smoke  Committee  they  found 
three  stokers  that  were  perfectly  reliable. 
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The  Endless  Chain  Grate  is  the  oldest.  Eckley  B.  Coxe  made  kt^ 
improvements,  and  brought  it  to  its  present  state.  The  grate  is  id&jp 
up  of  a  series  of  short  cast-iron  bars  linked  together  and  engagiac 
sprocket  wheels  at  the  front  and  rear  ends  of  the  grate,  by  the  mor?- 
ment  of  which  the  upper  portion  of  the  grate  is  carried  constantly  fs^ 
ward.  The  bituminous  is  fed  through  a  hopper  of  the  full  width  of  t^  1 
grate,  and  the  depth  of  the  layer  is  regulated  by  a  door  which  can  b 
lifted  or  lowered.  The  coal  is  ignited  near  the  front  and  is  canirt 
slowly  backward,  the  speed  of  the  grate  being  adjusted  so  that  the 
time  of  travel  is  sufficient  for  the  complete  combustion  of  the  fod 
The  ash  and  refuse,  being  carried  over  at  the  back  end  of  the  fura^cs 
fall  into  the  ash-pit.  The  coke  on  the  grate  has  to  be  broken  op. 
from  time  to  time,  as  it  cakes.  A  fire-brick  arch  at  the  front  end  of 
the  furnace  facilitates  the  coking  of  the  fresh  bituminous  as  it  entes, 
and  the  combustion  of  the  volatile  gas  evolved.  The  apparatus,  « 
a  whole,  is  mounted  on  wheels  and  a  track,  and  can  be  drawn  out  fcr 
inspection  and  repairs. 

This  stoker  works  well,  but  requires  considerable  repairs.  It  giTs 
a  clear  chimney-top,  but  this  is  partly  due  to  free  air  passing  through 
the  stoker.  Its  evaporation  duty  is  medium.  If  called  on  sudd^ 
for  more  steam,  it  does  not  respond  quickly  without  producii^  i 
smoky  chinmey-top.     It  is  applicable  to  an  externally  fired  boiler. 

In  the  Murphy  Stoker  the  grate  bars  are  arranged  on  opposite 
sides  of  the  furnace  and  incline  downward  toward  each  other  at  the 
center  the  fuel  being  introduced  at  the  top  and  fed  downward  toward 
the  middle,  in  which  there  is  a  mechanical  device  for  removing  tbe 
clinkers.  A  fire-brick  arch  spans  the  combustion  chamber.  A  coal 
magazine  is  located  on  each  side  of  the  furnace  and  is  provided  with 
discharge  openings  and  coal  pushers.  The  latter  have  a  reciprocatiDf 
motion  imparted  to  each  by  a  rocking  shaft,  rack  and  pinion.  The 
inclined  grate  surface  is  composed  of  stationary  and  movable  grate 
bars,  alternately  placed.  The  upper  ends  of  the  stationary  grate  ban 
abut  against  a  compensating  plate,  which  permits  the  bars  to  expand 
readily  with  the  heat.  The  movable  grate  bars  are  connected  to 
vibrating  levers,  from  which  they  derive  their  motion.  In  connection 
with  this  motion  the  movement  of  the  rock  shaft  imparts  motion  to 
the  coal  pushers  in  such  a  manner  as  to  feed  the  coal  just  in  proportion 
to  the  requirements  of  the  furnace.  The  crushing  and  removal  of 
the  ashes  and  clinker  are  effected  by  a  clinker  bar  at  the  bottom  of 
the  grates.    The  clinker  bar  is  provided,  on  the  outside,  with  teeth 
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jehich  extend  spirally  around  the  bar,  and  the  approximate  inner 
^ges  of  the  grate  bearers  are  provided  with  similar  teeth,  to  aid  in 
crushing  the  clinkers  when  the  clinker  bar  is  rocked.  The  furnace 
is  especially  adapted  to  the  use  of  bituminous  slack,  which  is  put  into 
the  magazines  at  the  upper  part  on  the  sides  of  the  combustion  cham- 
ber. Air  is  admitted  through  a  register  at  the  front,  passing  through 
flues  up  over  the  arch,  and  there  taking  up  heat  from  the  front  arch 
and  arch  plate,  then  passing  down  through  the  small  openings  in  the 
arch  plate  to  the  coking  fuel. 

On  the  side  of  the  battery  of  boilers  is  placed  an  engine  with  gearing 
for  operating  a  reciprocating  bar  across  the  outside  of  the  entire 
front,  and  to  which  all  the  working  parts  are  attached  by  links.  With 
steady  work  this  stoker  gives  a  perfectly  clear  chinmey-top.  The 
crust  of  coke  has  to  be  broken  up  by  the  fireman  from  time  to  time. 
This  stoker  requires  more  space,  has  more  machinery,  and  is  more 
costly  than  the  other  stokers,  but  it  gives  a  clear  chimney-top,  delivers 
its  own  ashes  and  clinker,  which  accoimts  for  more  machinery.  It 
is  adapted  only  to  externally  fired  boilers.  This  stoker  can  be  seen 
at  Strawbridge  &  Clothier's  warehouse.  Eighth  and  Race  Streets. 
The  chimney-top  is  perfectly  clear  when  using  Westmoreland  bitu- 
minous, which  is  extra  smoky,  being  a  gas  coal. 

The  Jones  Underfed  Stoker  consists  of  a  steam  cylinder  or  ram,  with 
a  coal  hopper,  outside  of  the  furnace  proper;  a  retort  or  fuel  magazine 
inside  the  furnace,  on  the  sides  of  which  are  placed  tuyere  blocks  for 
the  admission  of  air.  The  retort  also  contains,  at  its  lowest  point,  an 
auxiliary  ram  or  pusher,  which  causes  the  coal  to  be  evenly  distrib- 
uted. This  pusher  is  in  a  position  where  the  fire  never  reaches.  The 
retort  is  first  filled  with  coal  on  a  level  or  a  little  above  the  tuyeres. 
The  fire  is  then  started  along  each  side  of  the  retort,  the  air-chambers 
reaching  to  the  tuyeres  being  open.  As  soon  as  the  fire  is  well  under 
way,  the  air-chamber  opening  is  closed  and  the  blower  started ;  the 
fire  will  then  bum  up  rapidly.  The  hopper  being  full  of  fuel,  bitu- 
minous slack  preferred,  and  the  ram  plunger  on  its  forward  stroke, 
when  more  coal  is  needed  the  plunger  is  shifted  bcwik  by  moving  the 
lever;  coal  then  falls  in  front  of  the  plunger,  steam  is  admitted  to  the 
cylinder,  and  the  plunger  is  forced  forward,  pushing  the  coal  into  the 
retort.  Coal  is  pushed  into  the  retort  as  needed  to  replenish  that 
which  is  consimied. 

Air  at  a  lower  pressure  is  forced  into  the  air-chamber  and  through 
the  tuyeres  over  the  top  of  the  fresh  coal  in  the  retort,  but  under  and 
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through  the  burning  fuel;  the  result  is  that  the  heat  from  the  bumkr 
fuel  over  the  retort  slowly  liberates  the  black  gas  from  the  fresh  fiK*! 
This  black  gas  being  thoroughly  mixed  with  the  incoming  air,  befr^f 
it  passes  through  the  burning  fuel,  results  in  a  bright  clear  fire  fm 
from  black  gas.  The  retort  being  air-tight  from  below  and  the  fi> 
being  in  a  compact  mass,  the  air  moves  upward  and  combustion  takf- 
place  only  above  the  tuyeres.  The  retort  is  thus  kept  cool  and  fe  n  •* 
subjected  to  the  action  of  the  fire.  The  incoming  fresh  fuel  from  th^ 
retort  forces  the  ash  and  clinker  over  the  top  of  the  tuyeres  on  to  tb- 
side  plates,  from  which  they  are  moved  easily. and  without  interferin 
with  the  fire  in  the  center  of  the  furnace.  Each  time  the  ram  pusl^ 
feed  into  the  retort  it  pushes  it  upward  at  the  same  time ;  this  action 
breaks  up  the  crust  of  coke  formed  on  top  of  the  retort  and  eases  up' 
the  fire  in  place  of  doing  it  by  hand.  As  the  black  gas  is  liberatec 
below  the  burning  surface,  it  is  heated  and  ignited  by  the  bumir? 
surface  of  the  fire.     No  cold  air  enters  the  furnace  during  stoking. 

This  stoker  is  applicable  to  externally  and  internally  fired  boilers,  in- 
cluding those  for  locomotives.  It  gives  a  clear  chinmey-top,  but  use? 
an  excess  of  air,  unless  the  black  gas  is  burned  with  a  fire-brick  arch, 
in  which  case  it  gives  perfect  combustion  with  no  excess  of  air  and  a 
high  evaporation.  The  fan  supplying  the  air  to  the  stoker  is  con- 
trolled by  a  valve,  which  when  steam  goes  down  admits  more  steam 
to  the  fan  and  stoker,  thus  starting  them  up  faster  and  keeping  up  tk 
steam.  This  stoker  can  be  pushed  up  without  producing  smoke  at  the 
chimney-top,  and  it  is  the  only  stoker  that  can  be  applied  to  a  loco- 
motive. The  fan  used  for  stationary  stokers  would  be  replaced  with 
an  Argand  blower.  While  the  steam  used  in  the  blower  will  be 
mixed  with  the  air  going  through  the  fire,  which  is  not  economical, 
yet  there  are  advantages  gained  from  it.  With  the  Ai^gand  blower 
there  will  be  no  back  pressure  on  the  steam  cylinder,  crippling  the 
exhaust.  The  fire  being  under  pressure,  the  heat  will  be  packed  in 
the  tubes  and  every  square  inch  utilized.  Boilers  with  heat  under 
pressure  always  steam  better  than  with  suction  for  draft. 

One  of  these  underfed  stokers  was  put  in  the  end  of  a  heating  furnace 
at  Pittsburg,  replacing  the  old  fire-grate.  The  furnace  heated  6-inch 
wrought-iron  billets .  In  place  of  the  thick  black  smoke  f  ormeriy  escap- 
ing, the  chimney-top  is  as  clear  as  the  air.  The  heating  chamber  is  s 
beautiful  glowing  yellow  at  all  times.  With  the  same  fuel  and  men, 
they  are  turning  out  twice  the  amount  of  work  and  of  better  quality, 
as  the  heat  is  so  uniform  and  intense.    This  stoker  has  run  eighteen 
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months,  and  has  required  not  a  cent  for  repairs.  It  is  adapted  to 
puddling  and  other  furnaces,  which  shows  how  perfectly  it  can  bum 
bituminous  without  smoke  and  yet  get  the  full  equivalent  of  heat 
from  it. 

DISCUSSION. 

John  M.  Hartman. — A  little  explanation  with  regard  to  the  color-scale  is 
required.  The  committee  on  the  smoke  ordinance  have  been  tr3dng  to  chop 
the  bill  to  pieces.  The  last  thing  which  they  did  was  to  cut  off  the  No.  1  scale 
entirely,  and  move  up  the  numbers  so  that  the  former  No.  1  was  stricken  off, 
and  the  former  No.  2  becomes  No.  1.  There  has  been  a  great  amount  of  trouble 
with  the  bin.  For  twenty-one  months  it  has  been  fought  over  and  ever3rthing 
has  been  done,  that  was  possible,  to  get  a  satisfactory  bill  through.  At  Cleve- 
land they  have  done  more  than  at  any  other  place.  They  took  hold  of  the  sub- 
ject in  the  right  spirit,  and  have  now  better  laws  regarding  the  smoke  nuisance 
than  any  other  city  or  town  in  this  country.  We  have,  if  our  recommendations 
are  adopted,  a  color-scale  that  is  fixed :  none  of  the  others  has.  They  simply 
judge  by  eye.  If  we  can  succeed  in  getting  the  bill  through  we  will  be  in  a  better 
position  to  prevent  any  juggling  with  the  inspector.  He  has  a  scale  by  which 
he  can  determine  what  b  the  proper  color.  Chicago  has  a  long  law,  by  which 
it  is  difficult  to  define  **  thick  black  smoke  or  dense  gray  smoke,"  but  it  is  a  fact 
that  a  black  gas  escaping  above  our  No.  3  scale  is  a  gas  that  you  can  bum.  This 
being  the  case,  it  is  evidently  wasteful  to  permit  it  to  escape.  Most  of  it  is  car- 
b(Hiic  oxide,  which  is  very  poisonous,  killing  all  vegetable  life,  as  can  be  seen 
in  going  along  the  Pennsylvania  Railroad,  where  it  has  killed  or  stunted  the 
trees  and  shrubbery  that  are  close  enough  to  the  track  to  be  affected  by  it. 

James  Christie. — I  am  siu^  we  appreciate  Mr.  Hartman  in  his  study  and 
investigation  of  the  problem  of  preventing  smoke. 

Notwithstanding  the  frequent  statements  that  this  problem  is  a  compara- 
tively simple  one,  and  that  the  issue  of  black  smoke  can  be  prevented  by  a  little 
care,  yet  the  experience  of  all  communities  that  use  bitimiinous  coal  demon- 
strates, on  the  contrary,  that  the  problem  is  an  exceedingly  difficult  one,  espe- 
cially when  it  is  remembered  that  we  must  not  unduly  hamper  or  place  a  heavy 
burden  of  expense  upon  the  industries  to  be  dealt  with. 

It  has  been  evident,  for  several  years,  in  our  seaboard  cities,  that  the  tendency 
is  for  bituminous  coal  to  become  cheaper  and  anthracite  to  become  dearer.  We 
know  that  the  anthracite  deposits  are  of  such  a  limited  extent,  as  compared 
with  the  bitiuninous,  and  that  the  development  of  the  means  of  transportation, 
especially  from  the  West  Virginia  fields,  are  so  favorable  to  the  use  of  the  latter 
fuel,  that  it  is  probably  only  a  question  of  a  few  years  before  bituminous  coal 
wiU  be  the  predominant  fuel  in  our  city  for  manufacturing  purposes,  and,  possibly, 
to  a  large  extent  for  domestic  use;  therefore,  to  prevent  Philadelphia  from 
becoming  a  smoky  and  imcleanly  city,  comparable  to  those  in  which  bituminous 
coal  is  entirely  used,  it  is  necessary  for  us  to  have  reasonable  and  practicable 
dty  ordinances  on  the  subject,  which  will  govern  the  conduct  of  the  careless 
and  indifferent  without  embarrassing  those  who  make  a  reasonable  effort  to 
prevent  the  issue  of  smoke.     If  there  are  no  regulations  on  this  subject  and  the 
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consumer  is  allowed  to  bum  bituminous  coal  in  any  manner  that  to  him  seems 
the  most  easy  and  expedient,  we  will  then  have  a  smoky  city,  as  has  been  abun- 
dantly illustrated  elsewhere.  If,  on  the  other  hand,  we  have  well  foimded  laws 
and  regulations  whose  intent  should  be  to  instruct  the  consiuner,  without  seriously 
annojring  him,  we  will  be  on  the  best  road  to  reach  the  desired  solution. 

There  are  two  systems  for  the  hand-firing  of  bituminous  coal,  which,  if  faith- 
fully piursued,  do  prevent  the  issue  of  black  smoke.-  These  methods  are  usually 
known  as  the  **  Sprinkling  System  "  and  the  "  Ckiking  System."  Both  of  these 
methods  have  been  in  use,  more  or  less,  for  over  a  century.  By  the  sprinkling 
system,  firing  is  performed  at  frequent  intervals  and  small  quantities  of  fresh 
coal,  at  a  time,  are  scattered  over  the  fire.  By  the  coking  system,  the  fresh  coal 
is  piled  at  the  fire  mouth  and  pushed  back  and  spread  over  the  incandescent 
mass  in  front  of  it,  after  it  is  coked.  It  is  also  well  known  that  both  of  these 
methods  entail  either  loss  in  efficiency  or  increased  labor  to  the  fireman.  The 
sprinkling  sjrstem,  as  performed  by  hand,  is  usually  attended  by  loss;  inasmuch 
as  the  fire-doors  are  opened  too  frequently  and  large  quantities  of  cold  air  sweep 
through  to  the  chinmey.  By  the  coking  system,  increased  labor  devolves  upon 
the  fireman,  as  it  prevents  free  access  to  the  body  of  incandescent  fuel  for  clean- 
ing, removing  clinkers,  etc.,  and  consequently  it  is  usually  difficult  to  enforce 
either  of  these  methods,  especially  if  the  fireman  is  overworked  by  the  pressure 
of  his  duties. 

These  methods  of  firing  are  successfully  accomplished  by  the  means  of  mechan- 
ical stokers,  especially  the  coking  system,  which  is  the  most  customary  method, 
and  the  various  methods  of  mechanical  stoking  in  vogue,  are  based  on  the  prin- 
ciple that  fresh  fuel  is  applied  by  increments,  and  that  the  volatile  gasee,  which 
pass  off  at  the  early  stages  and  which  carry  the  black  smoke,  are  either  passed 
over,  or,  preferably,  through  the  mass  of  incandescent  fuel,  where  the  tempera- 
ture is  raised  to  such  an  extent  that  complete  combustion  ensues.  This  object 
is  accomplished,  with  practically  similar  results  on  the  undei^fed,  the  horixmtal- 
fed  and  on  the  down-draft  systems :  they  all  give  nearly  the  same  final  results 
when  properly  applied.  It  is  now  sufficiently  demonstrated  that,  with  a  good 
system  of  mechanical  stoking,  bituminous  coal  can  be  successfully  and  econom- 
ically burnt  with  little,  if  any,  visible  smoke  in  the  discharging  gases,  and  the 
city  should  have,  in  all  of  its  departments,  the  best  apparatus  of  the  kind  to 
be  found,  as  an  object-lesson  to  which  the  citizens  can  be  directed  for  informa- 
tion. We  must  remember,  however,  that  even  if  smoke  is  prevented  from  our 
manufactories,  the  use  of  bituminous  coal  for  domestic  purposes  may,  here- 
after, and  probably  wiU,  create  a  nuisance,  and  we  cannot  put  mechanical  stokers 
in  all  of  our  houses.  Probably  a  convenient  adaptation  of  the  magazine  sjrstem 
would  present  one  solution  of  the  problem,  but  it  is  likely  that  other  methods 
of  preparing  fuel  for  domestic  purposes  would  prove  the  most  convenient  method, 
and  we  can  refer  to  the  successful  use  of  briquetted  coal,  now  so  largely  adopted 
in  Germany.  The  establishment  of  large  bi-product  coke  ovens,  in  the  vicinity 
of  cities,  would  yield  an  abundant  supply  of  coke,  but,  while  this  coke  would  be 
desirable  for  foimdries  or  similar  industrial  establishments,  it  is  not  a  convenient 
fuel  for  domestic  purposes.  It  is  too  light  and  bulky  and  crushes  too  readily 
into  dust. 

Another  solution  is  the  introduction  of  cheap  fuel  gas,  and  it  is  probable 
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that,  in  the  not  distant  future,  the  homes  of  our  cities  may  be  supplied  with 
this  cleanly  and  convenient  method  of  heating. 

Emilb  G.  Perrot. — Will  Mr.  Hartman  give  his  reasons  for  making  the  state- 
ment that  a  furnace  with  a  forced  draft  will  produce  more  steam  than  one  with 
an  induced  draft? 

Mr.  Hartman. — A  reply  to  this  question  will  be  made  from  some  practical 
experience.  At  the  Merion  Furnace  at  Conshohocken,  where  a  **  bell  and  hopper '' 
-was  first  put  on,  they  were  short  of  steam.  After  the  "  bell  and  hopper''  was  in 
place,  the  gas  was  forced  down  to  the  boilers  and  there  was  a  noticeable  tendency 
for  it  to  escape  through  any  leaks  at  the  doors.  In  looking  into  this  matter 
it  will  be  noted  that  where  there  is  a  suction,  the  tendency  to  cut  across  comers 
is  so  great  that  the  full  benefit  of  the  contact  of  the  gas  with  the  boiler  surface 
is  not  obtained.  We  know  that  when  a  flask  is  placed  in  the  chemist's  sand 
bath,  the  sand  covers  all  around  it  and  up  over  it;  the  restilt  being  that 
the  glass  does  not  crack  but  heats  quickly.  The  same  principle  applies  to  forc- 
ing the  gas  in  through  the  tubular  boiler.  There  are  no  short  cuts  and  the 
gas  is  packed  up  tight  against  the  surfaces  so  that  it  has  something  to  act  on. 
There  is  no  tendency  to  produce  irregular  drafts  through  the  furnace.  With 
this  forced  draft  the  fireman  would  have  a  little  more  gas  in  his  room;  but 
still  he  could  regulate  the  damper  to  prevent  it. 

R  M.  Nichols. — Some  years  ago  I  had  occasion  to  look  into  the  matter 
of  burning  bituminous  coal  without  making  smoke;  and  I  spent  a  good  deal 
of  time  on  the  matter.  I  have  taken  coal  from  a  certain  mine,  one  car  of  well 
screened  lump,  another  car  of  what  is  termed  ''nut  coal/'  about  the  size  of 
anthracite  nut,  and  both  mined  the  same  day.  The  nut  or  pea  coal  was  burned 
on  a  chain  grate  stoker,  quite  similar  to  the  one  Mr.  Hartman  has  described 
to-night — attached  to  a  battery  of  two  boilers.  The  lump  coal  was  hand-fired 
under  another  battery  of  boilers  standing  alongside  of  it.  The  conditions  of 
the  boilers,  so  far  as  their  setting  and  draft  were  concerned,  were  identically 
the  same,  but  their  grates  were  different.  I  made  several  simultaneous  tests 
on  the  two  boilers,  with  the  conditions  as  nearly  alike  as  possible,  placing  the 
best  fireman  I  had  in  my  employ  to  handle  the  lump  coal,  and  with  a  perfect 
imbecile  (this  was  in  a  large  insane  hospital)  taking  care  of  the  chain  grate 
stoker.  I  succeeded  in  burning  at  least  25  per  cent,  more  fuel  with  the  chain 
grate  stoker  than  I  did  by  hand-firing,  and,  pound  for  pound  of  fuel,  I  evaporated 
15  per  cent,  more  water,  notwithstanding  that  the  boilers  were  forced  to  at  least 
60  per  cent,  above  the  nominal  rated  capacity  with  the  chain  grate  stoker. 
We  had  from  the  chain  grate  stoker  boilers,  as  Mr.  Hartman  would  say,  a  ''  clean 
chimney  top,"  while  with  the  others  we  did  not. 

My  experience  with  the  chain  grate  stoker  ieatU  rne  to  believe  th- 
be  forced  to  respond  to  sudden  demand  about  as  quickly  as  witli  hs' 
without  making  an  appreciable  increase  in  smoke.     When  &  ftrt 
bituminous  coal  it  seems  almost  impossible  to  avoiil  s^ome  siuokc.  1 
method  that  can  be  adopted  with  hand-fired  botbrs,  which  wt^ 
large  extent,  the  making  of  smoke;   that  is,  by  bringing  the 
front  of  the  boilers  and  setting  them  somewhat  uu  a  sWt  d 
the  bridge  wall,  with  a  long  fire-brick  arch  loiermg  Urn  m 
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what  on  the  plan  of  a  reverberatory  furnace.    With  this  system  after  the  fin 
has  once  become  bright,  it  is  ahnost  impossible  to  make  it  smoke. 

I  believe  that  I  can  take  nine  out  of  ten  boilers  in  the  city  of  Philadelpfaii 
to-day  and  re-arrange  their  grates  at  a  very  small  expense,  so  that  if  the  firnnai 
will  take  any  pains  at  all  he  can  reduce  the  amoimt  of  smoke  that  would  be 
ordinarily  emitted  fully  75  per  cent. 

There  is  another  point  that  has  been  touched  upon  regarding  the  utility  d 
forced  combustion,  and  upon  which  I  would  like  to  say  a  few  words  in  additke 
to  what  Mr.  Christie  and  Mr.  Hartman  have  said  on  that  particular  point 
The  absence  of  smoke  does  not  alwasrs  indicate  economy,  so  far  as  combostkfi 
is  concerned;  neither  does  the  presence  of  smoke  always  indicate  any  grat 
loss.  In  order  to  secure  economical  combustion  of  coal,  the  carbon  mn^  be 
distilled  into  the  gases,  which  combine  with  the  oxygen  of  air  in  the  propot^ 
tions  one  and  two.  In  the  former  we  get  carbon  monoxide;  in  the  latter  we 
get  the  carbon  dioxide  which  is  twice  as  hot  as  the  monoxide.  The  more  forc- 
ible the  admission  of  air,  the  quicker  and  more  thorough  is  apt  to  be  the  mix- 
ture of  the  gases ;  and  the  sooner  it  is  obtained,  the  smaller  is  the  proportioo 
of  air  with  the  carbon,  and  while  the  carbon  may  all  be  consimied  as  the  dioxide. 
the  proportions  of  air  used  are  so  great  that  the  nitrogen  dilutes  and  tsooks  it 
very  much. 

The  economy  with  forced  combustion  is  brought  about  by  securing^  mucb 
more  quickly  a  thorough  mixture  between  the  oxygen  in  the  air  and  the  car- 
bon; when  this  mixture  is  completed  in  the  presence  of  sufficient  heat,  tixn 
we  get  a  smokeless  combustion,  but  if  the  mixture  has  not  been  secured  before 
the  gases  reach  the  boiler  shell,  many  of  the  volatile  pieces  of  carbon  are  likdr 
to  pass  off  as  black  smoke,  but  it  can  hardly  be  called  economy  if  the  forced 
draft  is  so  great  that  part  of  the  gases  are  forced  out  through  leaky  boiler  aeir 
tings. 

HoLSTEiN  DE  H.  Brioht. — I  would  like  to  ask  Mr.  Hartman  a  question 
about  the  Jones  Underfed  Stoker.  Is  the  fire  concentrated  and  is  it  higher 
and  more  intense  in  the  center,  thereby  endangering  the  tubes  located  centrdly 
over  each  stoker  ? 

Mr.  Hartman. — From  what  I  have  seen  of  this  stoker,  the  fire  appears  to 
be  well  distributed.  The  tuyeres  on  each  side  are  some  distance  apart  and 
there  is  not  an  intensely  hot  section  of  the  fire  at  the  center;  it  is  pretty  well 
distributed  and  the  tendency  is,  as  the  coke  is  broken  up  by  the  operation  of 
the  ram  in  forcing  in  fresh  coal,  to  spread  the  fire  to  each  side.  The  coal  com- 
ing up  from  below  forms  a  core  in  the  center  that  will  not  fire  so  quickly  as  the 
part  nearest  to  the  tuyeres,  and  combustion  is  thus  retarded.  I  have  seen  no 
cases  where  a  flue  or  tube  has  been  burned. 

Mr.  Hartman. — There  is  nothing  further  to  say.  All  that  can  be  adced 
of  my  fellow-members  is  to  give  us  a  little  encouragement  in  fighting  for  the 
smoke  bill,  for  we  have  not  been  on  a  bed  of  roses  by  any  means. 


The  following  ordinance,  passed  since  the  presentation  of  the  preceding 
paper,  b  appended  at  the  request  of  Mr.  Hartman,  who  states  that  "  it  is  not 
perfect,  but  is  the  best  to  be  had  and  will  do  for  a  beginning." 
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AN  ORDINANCE. 
To  regulate  the  emission  of  smoke  from  chimne3rs,  stacks,  flues  or  open  spaces 
within  the  City  of  Philadelphia;  providing  a  color-scale  for  the  measure- 
ment of  the  degree  and  darkness  of  such  smoke ;  making  it  unlawful  to  per- 
mit the  escape  of  smoke  of  certain  degrees  of  darkness  and  providing  a  penalty 
for  the  violation  of  thb  ordinance. 

Section  1.  The  Select  and  Common  Councils  of  the  City  of  Philadelphia  do 
ordain,  That  for  the  purpose  of  regulating  the  emission  of  smoke  from  chimneys, 
stacks,  flues  or  open  spaces  within  the  said  City,  and  to  determine  by  com- 
parison the  degree  of  darkness  of  smoke  so  emitted  a  color-scale  shall  be,  and 
the  same  is  hereby,  adopted  as  follows : 

One  thickness  of  gray  glass  of  sufficient  capacity  to  cut  off  sixty  (60)  per 
cent,  of  the  light  from  a  flame  having  a  lighting  power  of  sixteen  (16)  candles, 
shall  be  taken  as  the  basis  of  this  scale;  two  thicknesses  of  said  glass  shall  be 
known  and  designated  as  No.  1  scale;  four  thicknesses  of  the  said  glass  shall 
be  known  and  designated  as  No.  2  scale. 

Sect.  2.  It  is  forbidden  and  hereby  declared  to  be  imlawful  to  suffer  or 
permit  the  emission  or  escape  of  smoke  from  any  or  all  fires  not  in  motion, 
or  fires  banked  or  in  a  state  of  rest,  or  from  any  biuming  or  active  fire  through 
a  i  tack,  flue  or  chimney  less  than  fifty  (50)  ^eet  high  of  a  color  greater  than 
No.  1  scale. 

Sect.  3.  It  is  hereby  forbidden  and  declared  to  be  unlawful,  within  the 
limits  of  the  City  of  Philadelphia,  to  suffer  or  permit  the  escape  or  emission 
of  smoke  of  a  degree  of  darkness  in  excess  of  scale  No.  2,  for  a  period  of  more 
than  five  (6)  consecutive  minutes,  from  any  locomotive  or  river  steam  craft 
standing  with  banked  fires  or  engaged  in  shifting;  or  for  a  period  of  more  than 
ten  (10)  minutes  from  any  locomotive  or  river  steam  craft  whose  fire  may  be 
in  process  of  cleaning  or  preparing  for  starting.  Provided,  however.  That  none 
of  the  provisions  of  this  ordinance  shall  apply  in  the  case  of  a  locomotive,  or 
locomotives  or  river  steam  craft,  in  continuous  transit  through,  or  across  the 
City,  or  entering  or  departing  therefrom. 

Sect.  4.  It  is  hereby  further  ordained  that  smoke  may  be  suffered  or  per- 
mitted to  escape  from  any  puddling,  open  hearth,  or  forge  furnace  now  erected 
of  a  degree  of  darkness  not  exceeding  No.  2  color-scale,  through  a  chimney 
fifty  (50)  feet  high,  and  from  any  puddling,  open  hearth,  forge  or  other  furnaces 
hereafter  erected  of  a  degree  of  darkness  not  exceeding  No.  1  color-scale  with  a 
chimney  not  less  than  one  hundred  and  fifty  (150)  feet  high;  but  that  the 
emission  or  escape  of  smoke  of  a  color  degree  of  darkness  greater  than  that 
provided  respectively  in  this  section  is  hereby  prohibited  and  made  unlawful. 
Sect.  5.  It  b  hereby  further  ordained  that  no  fumes  of  a  sulphurous  or 
obnoxious  odor  occasioned  by  the  melting  of  scrap-tin  or  other  metal,  shall 
be  permitted  to  escape  from  any  foundry  or  furnace  within  the  built-up  section 
of  the  City. 

Sect.  6.  The  provisions  of  this  ordinance  shall  not  apply  as  to  the 
of  smoke  between  the  hours  of  4  a.  m.  to  7  a.  m. 

Sect.  7.  Any  person  or  persons  who  shall  violate  any  of  the  provisii 
this  ordinance,  or  suffer  or  permit  any  of  the  acts  hereby  forbidden  or  de 
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to  be  unlawful,  shall  be  subject  to  a  penalty  of  twenty-five  (25)  dolljirs  Ics 
each  offense,  such  penalty  to  be  collected  and  recovered  by  and  at  the  suit  c^ 
the  City  of  Philadelphia  for  the  use  of  said  City,  as  debts  of  like  amount  mn 
now  by  law  recoverable.  Provided^  however^  That  any  suits  for  the  violataai 
of  the  terms  of  this  ordinance  must  be  brought  within  five  (5)  days  after  the 
offoise  shall  have  been  committed;  and  within  forty-ei^t  (48)  hours  after 
the  commission  of  the  offense,  a  notice  shall  be  mailed  to  the  offender  by  the 
Bureau  of  Boiler  Inspection  notifying  the  offender  of  the  violation  of  this  ordi- 
nanoe  and  the  details  of  such  violation. 

Sect.  8.  The  provisions  of  this  ordinance  shall  become  operative  and  effertrre 
on  the  1st  day  of  October,  1904,  and  the  enforcement  of  said  provisicms  shall 
be,  and  is  hereby,  made  the  duty  of  the  Bureau  of  Boiler  Inspection,  subject 
to  such  incidental  rules  and  regulations  as  the  said  Bureau  of  Boiler  Inspectkn 
may  establish  and  fnt>vide. 
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CONFLAGRATIONS  IN  CITIES.       ^ 

A  Topical  Discussion,  March  5,  1904. 

HENRY    LEFFMANN. 

Engineers  can  probably  learn  as  much  from  fires  of  moderate  size 
as  from  those  that  devastate  a  large  territory,  but  human  temperament 
is  such,  that  great  catastrophes  are  needed  to  attract  general  attention. 
The  Chicago  theatre  fire  led  to  examination  of  the  conditions  of  safety 
and  fire-prevention  in  theatres  all  over  the  world ;  the  Baltimore  fire 
drew  widespread  public  attention  to  the  insuflSciency  of  modem 
municipal  construction. 

As  an  introduction  to  the  discussion  of  the  whole  subject  of  fire- 
prevention  and  fire-control  in  cities,  I  have  been  assigned  the  honor 
of  exhibiting  some  lantern  slides  illustrating  prominent  features  of  the 
Baltimore  ruins.  It  may  be  of  interest  before  proceeding  with  these 
to  exhibit  a  slide  showing  the  approximate  comparative  area  of  some 
noted  conflagrations,  as  follows : 

Chicago,  187 1 2000  acres 

London,  1666 375    " 

Baltimore,  1904 14    " 

Boston,  1872 65    " 

Philadelphia,  1850 13    " 

Of  course,  these  figures  show  only  one  of  the  many  points  of  com- 
parison.   The  total  monetary  loss  in  each  case  would  not  coincide 
with  the  above  data;  moreover,  the  fire  area  should  be  compared  with 
the  total  area  of  the  city.    Thus,  the  area  of  the  Philadelphia  fire  of 
1850  represents  a  much  larger  ratio  of  destruction  than  the  figures 
given  indicate.    The  Chicago  fire,  even  under  such  allowances,  would 
still  be  the  largest  area  definitely  ascertained.    The  London  fire  stands 
next,  and  there  is  a  special  engineering  interest  attaching  to  it,  because 
Sir  Christopher  Wren  proposed  a  plan  for  rebuilding,  which  if  accepted 
would  have  greatly  improved  the  city,  and  anticipated,  by  manv 
years,  some  of  the  methods  of  modem  mimicipal  improver^ 
spite  of  the  assistance  of  the  government,  the  great  arc' 
unable  to  secure  the  acceptance  of  his  plan  by  the  citizens, 
the  courtesy  of  Dr.  William  Beam,  I  have  secured  a  roi 
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this  rebuilding  plan  from  a  map  in  the  British  Museum,  and  will 
exhibit  a  lantern  slide  of  it. 

I  will  leave  to  others  to  discuss  the  engineering  inferences  to  be 
drawn  from  the  Baltimore  ruins,  but  I  wish  to  call  special  attention  to 
certain  slides  that  show  the  great  danger  from  overhead  wires,  not 
only  from  their  general  entanglement  obstructing  the  progress  of  the 
firemen,  but  also  the  liability  of  them  to  cause  fatal  shock. 

A  point  that  deserves  consideration  is  the  value  of  wire-glass  as  a 
fireproofing  material. 

GENERAL  DISCUSSION. 
William  McDevitt. — Mr.  Chairmaii  and  members  of  The  Engineers'  Club : 
This  subject,  I  am  sure,  should  be'a  very  appropriate  one  for  this  organization, 
and  I  hoped  when  coming  here  to-night  to  hear  the  opinions  of  some  of  you  who 
may  have  visited  the  Baltimore  ruins,  regarding  the  effect  of  the  fire  and  resist- 
ance offered  by  the  modem  fireproof  buildings. 

In  walking  over  the  ruined  streets  it  was  hard  to  recall  to  mind  the  once  busy 
thoroughfares  that  are  now  lined  with  heaps  of  waste,  and  one  particular  fea- 
ture noted  was  that,  among  the  few  spectators,  there  was  an  absence  of  those 
who  had  occupied  the  burned  buildings,  which  no  doubt  was  owing  to  the  sicken- 
ing sight  presented  to  them  and  also  the  gloomy  outlook  for  the  future.  Balti- 
more has  a  fire  department  of  size  proportionate  to  the  size  of  that  city,  and  I 
personally  know  of  several  threatening  fires  occurring  there  which  extended  to 
two  or  three  buildings,  but  the  fires  were  copquered  just  as  we  have  seen  here. 
The  fire  service  is  composed  of  about  twenty-five  engines  and  other  apparatus 
manned  by  three  hundred  men.  We  have  in  our  city  double  the  number  of  ap- 
paratus and  also  the  number  of  men. 

The  recent  Baltimore  fire  looked  insignificant  at  first.  It  occurred  in  a  build- 
ing six  stories  high  and  about  100  feet  by  140  feet,  occupied  as  a  dry-goods  store. 
The  firemen  broke  into  the  building  and  found  the  fire  burning  in  the  cellar,  and 
upon  attempting  to  fight  it  they  were  driven  back  by  the  smoke,  which  was 
being  carried  up  an  open  hatchway,  which  served  as  a  chimney,  to  the  upper 
floors.  Water  was  then  directed  from  the  first  floor  down  the  open  hatch.  Sud- 
denly, there  was  a  violent  explosion  from  the  upper  part  of  the  building,  which 
forced  the  men  out  of  the  doors,  and  at  the  same  time  burst  all  of  the  windows 
above  and  directed  a  flame  of  fire  across  the  street,  setting  the  buildings  opposite 
on  fire.  The  chief  of  the  fire  department  informed  me  that  within  six  or  seven 
minutes  seven  buildings  fronting  the  Hurst  building,  wherein  the  fire  originated, 
were  all  on  fire. 

My  errand  there  was  to  investigate  the  c&uae  of  explosions,  which  were  all 
explainable.  In  about  fifteen  minutes  after  the  fire  had  enveloped  a  niunber 
of  buildings  a  terrific  explosion  was  heard,  which  had  the  tendency  to  demoralize 
the  firemen  for  a  while.  It  was  said  that  this  explosion  came  from  powder, 
the  report  being  heard  all  over  the  city.  In  company  with  a  resident  of  Baltimore 
I  was  taken  over  the  ruins  immediately  in  front  of  the  Hurst  building,  where  a 
building  formerly  occupied  as  a  hardware  store  stood.    In  front  of  the  building, 
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on  the  sidewalk,  there  had  been  a  magazine  of  gunpowder.     Tlie  law  of  that 
city  requires  that  all  gunpowder  must  be  kept  outside  of  the  buildings  where 
sold.    A  member  of  the  hardware  firm  admitted  that  the  powder  was  there  at 
the  time  of  the  fire,  and  it  was  said  that  the  explosion  blew  in  the  front  of  that 
building  and  sent  burning  embers  in  all  directions.     We  can  imagine  what  the 
conditions  were  at  the  early  stage  of  the  fire.     The  chief  informed  me  that  in 
less  than  one  hour  he  had  given  up  the  idea  of  checking  the  fire  and  called  for 
aid  from  other  cities.     Within  the  time  one  whole  block  was  well  on  fire  the 
burning  embers  could  be  seen  carried  by  the  wind  blocks  away,  where  other 
fires  were  started.     In  the  path  of  the  fire  were  several  buildings  of  modem 
fireproof  construction,  but  the  people  who  built  them  never  expected  such  an 
exposure  to  fire  as  they  were  subjected  to.    These  high  buildings,  I  was  in- 
formed, took  fire  when  the  sweep  of  fire  was  several  blocks  away,  a  feature  that 
is  easily  explained,  as  we  ha<l  in  our  city  fires  on  Arch  and  on  Maiicet  Streets, 
where  the  heat  extended  across  the  street  and  set  fire  to  window-shades  inside 
and  left  the  window-glass  intact.    That  can  happen  with  a  temperature  of  seree 
or  eight  himdred  degrees,  but  it  would  be  hard  to  estimate  the  temperature 
of  the  heat  from  the  Baltimore  fire,  with  six  or  seven  blocks  burning;  it  must 
have  been  at  least  1500  degrees,  and  the  high  buildings,  with  waUs  pierced  with 
windows,  were  an  object  for  the  heat  from  the  most  fierce  combustion,  judgmg 
from  the  absence  in  the  nuns  of  a  single  stick  of  wood.     A  fire,  occurring  within 
one  of  these  high  buildings,  would  not  affect  the  structure  much,  but  in  the 
Baltimore  fire  they  were  enveloped  in  a  terrific  wave  of  fire  and  heat. 

The  damage  to  these  modem  structures  is  being  calculated  by  a  committee 
of  insurance  engineers.  It  has  been  said  that  such  a  fire  could  not  occur  in  our 
city,  but  such  a  statement  is  misleading,  as  we  have  had  one  or  two  fires  in  our 
city  which,  if  occurring  on  Simday  or  in  the  middle  of  the  night,  might  hare 
resulted  in  such  a  calamity  as  that  of  Baltimore.  During  the  burning  of  the 
Hirsch  building,  opposite  Wanamaker's,  a  few  years  ago  in  the  daytime,  the 
heat  from  that  building  affected  buildings  two  hundred  feet  off,  setting  fire  to 
them,  but  you  could  see  the  people,  who  fortunately  were  inside  at  the  time, 
extinguishing  the  fires.  At  that  fire,  although  the  wind  was  northwest,  the 
heat  broke  the  window-glass  in  the  City  Hall  at  a  distance  of  200  feet.  It  would 
be  hard  to  imagine  what  the  result  would  have  been  if  the  fire  had  occurred  at 
a  time  when  the  buildings  were  left  to  the  mercy  of  burning  brands. 

We  show  the  superiority  of  our  fire-fighting  appliances  as  compared  to  that 
of  foreign  coimtries,  but  our  trouble  comes  down  to  building  construction.  In 
many  instances  of  fires  it  is  the  building  that  makes  the  fire,  as  often  we  have 
fires  m  a  five-  or  six-storied  building  which  has  been  gutted  and  we  got  thirty 
or  forty  thousand  dollars'  worth  of  goods  from  the  ruins,  as  the  interior  of  the 
building  tumbles  down  before  the  contents  are  burned. 

The  explosion  which  occurred  in  the  Hurst  building  in  Baltimore,  wherein 
the  fire  started,  resulted  from  an  accumulation  of  gases  in  the  smoke.  The  fire- 
men stated  that  the  building  became  darkened  and  the  smoke  coming  down 
from  the  upper  floors  became  ignited.  These  "smoke"  explosions  generaQy 
occtu"  at  an  early  stage  of  fires,  but  just  as  soon  as  we  get  water  on  the  fire  and 
steam  is  produced  and  is  carried  up  to  the  cloud  of  smoke,  the  explosive  mixture 
is  dampened  and  the  ignition  of  the  gases  is  prevented. 
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Wii.  CoPBLAND  FuBBER. — I  have  visited  Baltimore  twice  since  the  fire  and, 
while  there,  was  very  much  interested  in  studying  the  behavior  of  the  modem 
fireproof  buildings  imder  the  conditions  which  prevailed  during  the  recent  con- 
flagration. 

The  damage  suffered  by  these  large  fireproof  buildings  was  surprising,  and 
their  behavior  was,  at  first  glance,  distinctly  disappointing.  I  had  expected 
that  such  buildings  as  the  Calvert  and  the  Equitable,  and  other  high  buildings 
of  similar  construction,  would  have  offered  a  check  to  the  flames,  but  they  now 
stand  as  blackened  ruins  in  a  broad  swath  of  desolation  and  waste.  It  b  only 
when  we  realize  that  they  are  still  standing,  when  all  other  buildings  of  other 
forms  of  construction  are  piles  of  debris,  that  the  sense  of  disappointment  at 
their  disfigurement  is  modified  by  the  appreciation  of  the  fact  that  they  are 
still  upright  and  apparently  soimd  structurally. 

When  these  costly  and  monumental  structiu'es  are  examined  in  detail  and 
the  destruction  of  their  wealth  of  marble  and  bronze  and  other  elaborate  fit- 
tings is  perceived,  one  cannot  but  be  impressed  with  the  utter  waste  of  what 
was  intended  by  the  designers  to  be  imperishable,  and  have  a  feeling  of  sympathy 
for  those  who  suffered  from  the  loss  of  what  they  deemed  a  permanent  invest- 
ment. 

I  made  a  very  careful  examination  of  the  Calvert  Building — a  modem  fire- 
proof structure  of  superior  construction — upon  my  first  visit  to  Baltimore.  I 
found  from  top  to  bottom  hardly  a  bit  of  combustible  material  left.  The  sleepers 
in  the  concrete  filling  over  the  top  of  the  tile  arches  were  completely  bumed 
out.  The  glass  electric  light  bulbs,  bottles  and  other  articles  of  glass  had  melted 
and  run  into  shapeless  masses  or  little  pools.  This  melting  of  the  glass  indicated 
a  temperature  of  at  least  2500  degrees  Fahr.  All  the  floors  of  the  building 
were  completely  gutted,  most  of  the  partitions  were  down,  though  I  believe 
that  many  of  iJiese  partitions  were  thrown  down  by  the  concussion  caused  by 
the  explosion  of  dynamite  which  was  used  in  wrecking  buildings  in  the  attempt 
to  create  fire-breiJcs  to  stay  the  progress  of  the  flames. 

The  Calvert  Building  is,  I  should  say,  about  one-half  the  size  of  the  Drexel 
Building,  Philadelphia,  and  outside  of  the  walls  and  the  hollow  tile  floors  and 
the  skeleton,  nothing  of  value  remains.  The  hollow  tile  arches  are  intact  on 
the  tops,  but  in  many  cases  the  lower  sides  of  the  tile  have  fallen  off  and  the  floor 
is  covered  with  parts  of  this  tile  which  seem  to  have  lost  all  of  their  structural 
value  and  have  about  the  same  consistency  as  dried  mud.  I  do  not  know  what 
the  particular  composition  of  this  mixture  of  fire-clay  was,  but  I  cannot  believe 
that  it  was  a  proper  one,  or  I  am  siure  it  would  have  been  able  to  pass  through 
such  temperature  as  this  without  material  injury;  as  I  have  made  a  nimiber 
of  tests  of  porous  fire-clay  hollow  tiles,  heating  them  to  redness  and  plunging 
them  into  water  without  apparent  injury  to  their  stmctural  properties. 

The  exterior  walls  of  this  building  are  greatly  injured  by  the  flames,  and 
much  of  the  omamental  terra  cotta  is  completely  destroyed  for  architectural 
purposes  and  will  have  to  be  replaced.  The  skeleton  is  apparently  uninjured;, 
the  only  injiury  apparent  being  one  of  the  columns  on  one  of  the  upper  floors, 
which  was  buckled  because  the  fireproofing  had  been  broken  off.  That  the 
damage  was  not  greater  than  it  was,  is  surprising,  when  it  is  realized  that  the 
fire  swept  completely  through  the  building  from  side  to  side  on  every  floor. 
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The  Equitable  Building,  which  adjoins  the  Calvert  Building,  is  not  a  fireproof 
«truct\ire  of  the  most  approved  type;  indeed,  the  damage  it  has  suffered  is  suflfi- 
cient  to  show  that  it  was  very  defective  in  many  respects.  It  is  at  present  in 
A  serious  condition,  and  careful  examination  of  the  skeleton  will  have  to  be 
made  to  see  if  it  is  not  greatly  injured.  Many  of  the  floor  beams  and  girders 
sre  bent  and  twisted.  The  floor  construction  seems  to  have  consisted  of  seg- 
mental terra  cotta  arches  without  protection  to  the  lower  flange  of  the  beams, 
And  above  this  a  thick  plank  floor  was  placed,  with  no  filling  over  the  arches  or 
under  the  floors.  When  the  wood  floor  burned  out,  I  am  informed  that  the 
fireproof  safes  in  the  offices,  having  nothing  to  rest  on,  toppled  over  and  crashed 
through  the  floors  and  broke  many  of  the  arches  and  bent  many  of  the  beams. 
When  I  first  saw  this  building,  I  asked  permission  of  one  of  the  guardsmen  to 
enter  it,  and  he  refused,  saying  that  it  was  not  safe.  I  replied  that  I  was  willing 
to  take  the  risk,  if  he  gave  me  permission;  before  he  had  an  opportunity  to 
make  a  reply,  a  safe  fell  from  one  of  the  top  stories,  crashing  through  floor  after 
floor,  accompanied  with  flying  debris  and  raising  such  a  cloud  of  dust  that  I 
concluded  that  the  guardsman  was  right  and  I  did  not  press  my  request  further. 

The  Court  House  opposite  the  Calvert  and  Equitable  Buildings  was  not 
seriously  injured,  except  on  one  comer,  where  the  marble  is  spalled  and  cracked. 
'That  this  building  escaped  seems  like  a  miracle,  as  all  the  buildings  cm  two  sid^ 
of  it  were  either  destroyed  or  burnt  out.  I  am  informed  the  little  damage  the 
Court  House  sustained  was  largely  due  to  the  efforts  of  the  employees,  who 
kept  streams  of  water  pla3ring  over  the  faces  of  the  walls  and  windows,  and 
whenever  any  of  the  woodwork  aroimd  the  openings  took  fire  immediately 
quenched  it  with  water. 

In  looking  over  the  burned  area  in  Baltimore,  one  cannot  but  be  impressed 
by  a  sense  of  desolation  and  waste  and  by  a  feeling  of  regret  that  the  works 
of  man  cannot  be  made  more  durable;  yet  when  the  problem  of  the  prevention 
of  this  fire  waste  is  studied  as  a  whole,  the  reason  for  the  failure  of  these  modem 
fireproof  buildings  is  made  apparent  and  the  defects  in  their  design  become  ob- 
vious. No  building  of  any  reasonable  construction  can  be  said  to  be  fireproof 
when  its  walls  are  pierced  with  many  windows  of  fragile  glass  fastened  in  wood 
sash  and  wood  frames.  This  defect  is  still  further  augmented  when  the  floor 
plan  is  such  that  three  or  four  sides  of  the  building  are  so  exposed,  with  no  fire- 
break in  the  shape  of  a  solid  wall  to  prevent  a  draft  through  the  building  from 
side  to  side.  It  has  been  pointed  out  here  to-night  by  one  of  the  speakers  that 
wire  glass  windows  will  not  prevent  the  ignition  of  window-shades  and  other 
inflammable  matter  on  the  inside  of  such  a  window,  even  though  no  opening 
exists  for  the  entrance  of  the  flames,  as  in  a  conflagration  the  radiant  heat  is  so 
great  that  the  glass  offers  no  barrier  to  these  rays. 

Mr.  S.  Albert  Reed  ("  Journal  of  the  Fraaklm  Institute,"  November,  1896)  esti- 
mates that  the  temperature  of  a  fire  in  a  lard  refinery  at  59th  Street  and  Eleventh 
Avenue,  New  York,  was  5000  degrees  Fahr.,  and  with  such  a  temperature  as 
this,  the  radiation  to  the  adjoining  properties  would  be  dependent  upon  their 
distance  from  and  the  exposure  to  the  source  of  the  fire.  Wire-glass  windows 
would  not  prevent  such  temperature  as  this  from  affecting  inflammable  mate- 
rial, but  if  by  maintaining  their  integrity  they  prevented  a  draft  of  air  from 
increasing  the  combustion  within,  and  s^^'eop  of  the  flames  from  without,  it 
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would  still  be  possible  to  employ  human  intervention  or  automatic  sprinkling 
devices  to  prevent  combustion  and  reduce  the  internal  temperatures.  A  careful 
examination  of  the  walls  of  these  large  office  buildings  still  further  emphasizes 
the  necessity  of  keeping  the  window  openings  closed,  as  a  large  part  of  the  damage 
to  the  walls  of  these  buildings  seems  to  have  come  from  within  the  buildings 
themselves  and  not  from  vnthout.  Wire-glass  windows  with  the  assistance  of 
automatic  sprinklers  would  no  doubt  have  prevented  a  great  deal  of  this  damage, 
as  was  illustrated  to  a  degree  in  saving  the  Court  House  by  water  properly  and 
intelligently  applied  by  hand.  It  is  highly  probable  that  the  radiant  heat  ignited 
the  wooden  frames  and  the  interior  fittings  and  finisdings  of  these  buildings 
and  that  their  combustion  caused  the  damage. 

In  studying  the  behavior  of  such  large  fires  the  effect  of  highly  heated  air 
in  completing  combustion  cannot  be  ignored.  Temperatures,  corresponding 
very  nearly  to  those  obtained  in  regenerative  furnaces,  no  doubt  prevail,  and 
no  materials  used  for  constructive  purposes  can  withstand  such  high  temperature, 
but  the  sources  of  danger  can  be  guarded  against  by  taking  the  exposure  risk 
into  consideration  in  the  planning  of  fireproof  buildings. 

It  is  possible  to  lay  out  a  floor  plan  with  elevator  and  stairway  shafts  so 
enclosed  that  they  will  not  act  ajs  vertical  flues  for  a  spread  of  flames,  and  it  is  also 
possible,  by  making  the  office  partitions  of  non-K^ombustible  materials,  to  pre- 
vent the  cross-drafts  through  the  building,  even  though  the  outside  of  the  build- 
ing should  be  attacked.  The  neglect  of  these  fireproof  division  walls  and  fire- 
bricks cost  the  owners  of  these  high  buildings  much  that  could  have  been  saved 
by  their  use,  and  in  the  future  planning  of  such  buildings  this  lesson  should 
be  borne  in  mind,  as  it  is  in  intelligently  designed  "slow-burning"  and  wooden 
constructed  building.  Restricted  areas:  enclosed  shafts  and  stairwa3r8,  pro- 
tected exposures,  non-combustible  window-frames  and  sash  with  wire-glass, 
automatic  sprinklers  and  internal  and  external  water  protection,  independent 
of  the  pubUo  service,  would  seem  to  be  the  remedies  suggested  to  prevent 
occurrences  of  loss  and  waste  similar  to  those  of  Baltimore. 

F.  Schumann. — No  one  having  knowledge  of  the  existing  conditions,  of  the 
mingling  together  of  fireproof,  semi-fireproof,  and  combustible  buildings  in  our 
laiger  cities,  need  be  surprised  at  the  recent  conflagration  in  the  city  of  Balti- 
more. Any  of  our  larger  cities  is  liable  to  a  similar  catastrophe  at  any  time. 
There  is  no  known  building  material  or  method  of  building  that  will  resist  the 
destructive  effects  of  great  heat,  as  is  possible  at  this  time  in  congested  parts 
of  our  cities.  Widespread  conflagrations  will  occur  now  and  again  until  the 
proportion  of  fire-resisting  buildings  becomes  a  maximum  by  the  gradual 
elimination  of  those  less  resistant. 

Notwithstanding  the  considerable  knowledge  we  possess,  m  to  the  essentials 
to  IflBsen  destruction  by  fire,  the  fact  remains  that  many  of  <)ur  so^alled  #' 
proof  buildings  are  faulty  in  design  and  execution.    Buildings  gupposudly  ' 
proof  are  exacted  in  the  midst  of  older  or  combustible  build  in  gBj  often  9 
with  highly  inflammable  and  combustible  merchandise.     No  providion  b  I 
against  the  ingress  of  fire  through  openings,  no  separating  firo-wnlb  to  m 
the  conflagration  to  a  building,  or  within  it,  and  when  a  fire  breaks  out  { 
favorable  conditions,  such  as  a  northwest  wind  charged  with  oxygon^  f 
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water  hydrants,  a  network  of  overhead  electric  and  other  wires,  and  a  biiildinj^ 
stored  with  dry-goods,  furniture,  or  piunts  and  oils,  the  result  can  be  foreseen. 

I  am  of  the  opinion  that  architects  and  engineers  can  produce  building«« 
having  fire-resisting  qualities,  both  from  the  exterior  and  interior,  far  superior 
to  those  now  constructed,  and  that  the  great  losses  from  conflagrations  like  the 
Baltimore  fire  can  be  positively  avoided. 

Assuming  a  modem  fireproof  building  ornamental  in  design,  the  first  ctm- 
•ideration  will  be  the  avoidance  of  all  combustible  building  material,  the  use 
of  material  that  will  resist  heat  most  effectively,  and  the  prevention  of  ingress  or 
egress  of  fire  through  doors,  windows,  or  other  openings.  In  office  buildings 
the  furniture  should  be  of  metal,  its  use  already  anticipated  by  the  existence 
of  desks,  file  cases,  and  tables  of  very  excellent  design  and  workmanship.  All 
door  and  window  frames  should  be  of  metal  and  tile,  and  asphalt  or  concrete 
floors  substituted  for  wood. 

Apartment  stores  or  buildings  for  the  storage  of  merchandise,  which  neces- 
sarily contain  much  inflanmiable  and  combustible  material,  should  have  speciid 
provision,  such  as  more  massive  outer  walls,  subdividing  interior  fire-waUs  with 
all  openings  protected  by  fireproof  doors  and  shutters.  The  compartments 
resulting  from  the  interior  fire-walls  should  by  all  means  be  provided  with  ven- 
tilating shafts  from  the  foundation  up,  for  the  escape  of  the  expanded  air  and 
gases  of  combustion,  in  the  event  of  a  fire  in  a  compartment.  The  counters 
and  shelves  in  stores  should  be  of  metal  having  fireproof  curtains  or  doors,  and 
waste  material,  such  as  boxes,  paper,  etc.,  should  have  metal  receptacles.  Highly 
inflammable  articles  should  be  stored  in  separate  compartments  of  the  build- 
ings and  located  with  a  view  to  isolation  and  ready  control  in  the  event  of  fire. 

Well-burned  day-brick  is  the  most  efficient  building  material  for  resisting 
heat,  and  when  used  to  protect  metal  construction  great  care  ia  necessary  in 
binding  and  anchoring  it  to  the  various  members  of  the  metal  framewoik  or 
floor  beams.  Expansion  and  deformation  of  walls  and  floors  must  also  be  pro- 
vided for.  Very  efficient  fireproof  doors  and  shutters  exist,  and  wire-glass  in 
metal  frames  has  proved  a  most  excellent  protection  against  the  passage  of  fire. 

Wise  and  active  co-operation  between  the  architect,  engineer,  insurance 
companies,  and  municipal  building  bureaus,  aiming  to  isolate  and  gradually 
eliminate  combustible  buildings,  and  the  rigid  insistence  for  perfection  in  fire- 
proofing,  with  the  addition  of  the  separate  high-pressure  water  service,  must 
result  in  the  avoidance  of  great  conflagrations  in  cities  and  the  consequent  enor- 
mous money  losses. 

Silas  G.  Comfort. — The  subject  of  fireproof  construction  was  treated  quite 
extensively  by  Corydon  T.  Purdy  m  a  paper  read  before  the  American  Society 
of  Civil  Eiigineers,  shortly  after  a  destructive  fire  which  occurred  in  Rttsbuig 
in  1898.  The circimistances  of  the  fire  were  as  follows:  The  Jenkins  Building, 
occupied  by  the  Jenkins  Grocery  Company,  took  fire  in  the  night.  Efforts  were 
made  to  save  the  building,  but  the  fire  had  gained  such  headway  that  the  entire 
front  wall  fell  into  the  street,  thus  carrying  the  fire  across  to  iiie  Home  Build- 
ings, which  were  of  fireproof  construction.  One  of  the  Home  Buildings  was 
occupied  as  a  retail  dry-goods  store,  and  the  other  as  an  office  building.  ITie 
heat  broke  the  glass  in  the  windows,  and  set  fire  to  everything  adjacent  to  them. 
In  a  very  short  time  the  entire  contents  of  the  store  building  were  on  fire.  On 
the  upper  floor  scarcely  a  vestige  of  woodwork  remained. 
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As  to  the  suggestion  brought  out  by  Mr.  Schumann,  this  was  violated  in  the 
case  of  the  Home  store  building.  It  was  six  stories  high  without  partitions, 
and  with  an  opening  in  the  center  extending  from  the  first  floor  to  the  sixth 
floor,  siuTounded  on  each  floor  by  an  iron  balustrade.  This  opening  made  it 
very  easy  for  the  fire  to  spread  from  story  to  story.  Where  such  openings,  con- 
necting one  story  to  another,  are  necessary  on  account  of  light,  they  could  be 
protected  by  asbestos  covering  made  so  as  to  roll  up  at  the  sides  when  not  needed 
and  then  imrolled  so  as  to  come  together  in  the  center  when  needed.  The  sepa- 
ration of  floors  would  appear  to  be  very  important  in  preventing  the  destruction 
of  the  contents  of  such  a  building.  The  external  terra  cotta  and  cut  stone  were 
badly  cracked  and  scaled,  while  the  face  brick  was  but  little  injured. 

The  necessity  for  show  windows  is  an  objection  to  the  use  of  metal  shutters 
on  the  street  front.  It  is  the  speaker's  opinion,  that,  even  with  the  best  fireproof 
construction  of  large  store  buildings,  one  of  the  most  important  precautions  is 
the  installation  of  automatic  sprinklers  that  will  prevent  or  stop  the  spread  of 
a  fire  in  the  contents  of  such  buildings. 

WAsmNOTON  Devereux. — Mr.  Furber  made  a  statement  that  a  modem 
fireproof  building  took  fire  from  an  adjoining  burning  building.  The  building 
referred  to  had  wooden  window-sashes  and  plain  glass,  and  was  unsprinkled. 
A  building  not  equipped  with  wired  glass  and  hollow  metal  frames  and  outside 
sprinklers  (dry  pipe  S3rstem)  cannot  be  considered  as  slow-burning.  There  is 
nothing  indestmctible  by  heat.  As  a  matter  of  course,  all  of  our  combustible 
buildings  of  to-day  cannot  be  torn  down  and  modem  slow-burning  buildings 
erected  in  their  place.  However,  information  that  might  be  instructive  to  the 
public  as  to  the  possible  causes  of  fires  would  probably  do  much  to  lessen  the 
fire  waste.  For  instance,  spontaneous  combustion,  swinging  gas  brackets  on 
wood  or  lath  and  plaster  partitions,  stationary  gas  brackets  within  eighteen 
inches  of  wood  or  other  easily  ignited  material;  the  constant  heat  ascending 
first  carbonizes  and  then  ignites  the  substance,  which  may  be  more  quickly 
brought  about  by  excessive  pressure  on  the  supply  pipes,  blowing  loose  a  gas 
tip,  the  flame  often  ascending  a  distance  of  ten  or  fifteen  inches,  rats  and  matches. 
Matches  should  be  placed  in  a  metal  receptacle  protected  by  an  automatic 
cover.  Steam-pipes  on  low-pressure  systems  in  contact  with  woodwork  have 
been  the  primary  cause  of  fire,  also  hot-air  pipes,  gasoline  stoves,  oil  stoves, 
and  oil  lamps  are  responsible  for  more  fires  than  any  other  known  cause.  The 
use  of  benzine  or  gasoline  for  scouring  purposes  is  most  dangerous,  and  yet  there 
are  few  households  in  this  or  any  other  city  that  do  not  keep  a  supply  on  hand, 
either  as  a  moth-destroyer  or  to  brighten  up  nr  cI-juis*?  [liniiturts  or  aeetllework. 
Sawdust  cuspidors,  hot  ashes  placed  in  wood  r*.H.'eptn(*U-"5,  lighti*'^  — ^-»— 't.ho^l 
metal  candle-sticks,  various  polishing  compoimd?^  whoan  pr  ts 

are  of  an  inflammable  nature,  sometimfjs  caut*u  fire*,  j 

James  Christie. — Mr.  Chairman:  Ahiif)<.t  all  conHngnily 
a  strong  impression  of  how  much  loss  touUl  bo  pmvml^ 
the  flames  to  the  building  first  attack'?!!.     lit  aloioifl  aQJ' 
buildinga  are  ignited  by  flames  issuing  ihpotairh  the 
of  the  buming  building,  but  usually  not  until  tha 
and  faUs  out,  due  to  the  buming  away  of  the  v^^ootiwi 
window-glass  seems  to  withstand  the  h<^'it  vi^ry 
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maintain  its  place,  and  keep  the  flame  within  the  building.  The  burning  away 
of  the  sash,  however,  causes  the  whole  sheet  of  glass  to  fall  out^  allowing  spazics 
and  flame  to  ignite  surrounding  buildings.  This  probably  would  occur  as  readily 
with  wired  glass,  if  it  is  set  in  wooden  sash.  To  prevent  this,  the  remedy  would 
seem  to  be  the  use  of  metal  sash  and  doors.  There  are  cases  on  record  in  which 
ordinary  wooden  doors,  covered  with  tin  or  sheet  metal,  like  that  shown  by 
Dr.  Leffmann  on  the  screen,  have  withstood  the  effects  of  fire  very  well  and 
restrained  the  spread  of  the  flame  until  the  total  burning  away  of  the  wood 
caused  the  metal  sheet  to  fall  in. 

We  have  to  look  at  fireproofing  construction  from  two  standpoints:  first,  to 
prevent  ignition  of  the  building,  if  neighboring  buildings  are  on  fire;  and,  sec- 
ondly, to  prevent  surroimding  buildings  from  igniting  from  the  building  in  which 
the  fire  occiu^.  For  both  ends  it  is  necessary  that  the  material  closing  the 
various  apertures  be  able  to  withstand  considerable  degrees  of  temperature. 

The  Brown  Hoisting  and  Conve3ring  Company  had  a  severe  fire  some  years 
ago  in  a  building  with  metal  frame,  brick  walls,  etc.,  but  unfortunately  it  had 
a  slate  roof  laid  on  planks  with  wooden  purlins.  A  barrel  of  varnish  was  acci- 
dentally ignited,  and  the  building  destroyed  in  a  very  short  time.  Mr.  Brown 
stated  that  he  was  satisfied  that  no  building  could  be  called  fireproof  unless 
all  material  used  in  it  was  incombustible,  so  the  new  building  was  constructed 
entirely  of  incombustible  materials,  sash,  doors,  and  roof,  with  no  wood. 

It  makes  no  difference  what  the  building  may  be,  or  how  refractory  the  mate- 
rial, if  there  is  sufficient  combustible  matter  present  for  the  fire  to  obtain  a 
footing,  it  will  partially  destroy  the  material,  whatever  it  is.  The  records  of 
the  Baltimore  fire  show  very  well  for  our  ordinary  well-constructed  fireproof 
buildings;  that  is,  metal  frames  and  reasonably  good  clay  materials.  Bir.  Fur- 
ber's  allusion  to  this  reminds  one  of  the  difference  in  the  refractory  qualities 
of  different  clays.  Some  fuse  readily;  for  instance,  those  containing  a  large 
admixture  of  iron  oxide,  or  alkalies.  On  the  contrary,  brick  entirely  silica  or 
nearly  all  silica  has  a  remarkable  resistance.  Concrete  is  coming  largely  into  use, 
but  unfortunately  it  has  not  yet  proved  itself,  under  similar  conditions,  a  better 
fire  resistant  than  clay  tiling.  Our  best  Portland  cement  concretes,  if  heated  to 
1000  degrees  Fahr.,  show  a  material  decrease  in  compressive  strength,  and  when 
temperatures  of  fourteen  or  fifteen  hundred  degrees  are  reached  lose  40  per  cent, 
or  50  per  cent,  of  their  original  compressive  strength ;  consequently  concretes  can- 
not be  classed  as  a  material  of  very  high  fire-resistant  qualities.  The  experiments 
of  several  independent  observers  confirm  this  considerable  loss  of  strength. 
J.  S.  Dobie  found  that  neat  Portland  cement  briquettes  heated  to  1000  degrees 
Fahr.  and  allowed  to  cool  in  the  air  lost  10  per  cent,  in  weight  and  50  per  cent, 
in  tensile  strength.  If  heated  to  higher  temperatures  and  similarly  cooled,  the 
loss  in  weight  was  10  per  cent,  and  the  loss  in  tensile  strength  80  per  cent.  In 
both  cases  if  plunged  in  water  while  hot,  they  fell  to  pieces.  Johnson  has  shown 
that  Portland  and  natural  cement  briquettes,  both  neat  and  half  and  half  sand 
and  cement,  if  heated  to  a  red  heat,  lose  from  60  per  cent,  to  90  per  cent,  of 
their  original  strength.  These  statements  are  confirmed  by  numerous  experi- 
ments made  at  Pencoyd.  The  clay  tiles  in  the  other  form  of  fireproof  construc- 
tion likewise  suffer  in  many  cases  to  an  almost  equal  extent,  by  cracking,  breaking 
off  of  edges,  and  in  some  cases  by  partial  fusion.    Both  this  and  concrete  fireproof 
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construction,  though  it  may  retain  its  form  during  the  fire,  if  reached  by  water 
when  still  hot,  will  probably  require  at  least  partial  reconstruction.  Refractory 
qualities  are  not  the  only  essentials  for  a  fireproof  material ;  it  should  also  be  a 
poor  conductor  of  heat.  Magnesite  brick,  though  one  of  the  most  refractory 
materials  that  can  be  used  in  furnace  design,  conducts  heat  almost  twice  aa 
readily  as  neat  cement,  and  probably  50  per  cent,  better  than  the  proportions 
of  concrete  ordinarily  used.  On  this  account,  though  not  at  present  used  as  a 
fireproofing  material,  it  is  not  perhaps  as  well  suited  for  that  purpose  as  a  less 
refractory  though  poorer  heat-conductnig  material. 

Concrete  construction,  on  account  of  its  low  heat  conductivity  and  the  con- 
siderable thickness  in  which  it  is  used,  is  well  adapted  to  protect  metal  imbedded 
in  it,  even  if  subjected  superficially  to  high  temperatures  for  considerable  periods. 

The  fact  that  actual  cases  of  fire  in  buildings  of  concrete  cement  construction 
do  not  seem  to  indicate  by  results  any  such  considerable  loss  of  strength  as  is 
shown  by  the  before-mentioned  tests,  is  probably  due  to  the  test  pieces  used 
being  of  small  bulk,  and  on  that  account  being  more  readily  heated  to  a  uni- 
formly high  temperature  throughout,  while  concrete  beams  or  surfaces  in  a 
building  are  large  in  bulk  and  probably  heated  only  on  one  or  two  sides.  The 
facilities  for  radiation  and  the  poor  heat  conductivity  would  thus  retard  the 
passage  of  heat  to  the  interior,  which  would  retain  much  of  its  original  strength. 

It  would  be  a  good  plan  for  the  architect  to  provide  fire  curtains  of  some 
reliable  non-combustible  material  throughout  the  interior,  so  that  in  case  of  fire 
the  burning  area  may  be  confined  and  isolated  from  other  parts  of  the  building. 
All  authorities  agree  that  fire  can  be  more  effectually  prevented  from  spreading 
if  apertures  are  kept  closed,  thus  preventing  bursts  of  sparks  and  flames.  This 
can]  best  be  effected  by  the  general  use  of  metal  sashes,  fire-doors,  wire-glass, 
etc.,  and  by  the  firemen  while  fighting  the  fiames  leaving  as  few  openings  as 
possible  in  commimication  with  the  open  air. 

James  S.  Merritt. — I  want  to  take  exception  to  Mr.  Christie's  statement 
about  concrete.  I  think  the  Home  Building  at  Pittsburg  has  been  brought  into 
the  discussion  this  evening,  and,  if  my  recollection  is  correct,  the  committee  of 
engineers  appointed  to  investigate  that  fire  were  unanimous  in  stating  that  con- 
crete had  stood  the  fire  much  better  than  tile.  PersonaUy,  I  have  seen  tests 
by  the  Building  Department  of  New  York  city  where  cinder  concrete  was  sub- 
jected to  a  temperature  of  over  1700  degrees  for  three  hours  continuously,  and 
was  then  flooded  with  water  from  below.  The  pressure  on  the  hose  was  sixty 
pounds  per  square  inch,  and  was  kept  up  for  five  minutes.  The  floor  tested  was 
quite  uninjured  though  of  cinder  concrete,  so  that  I  do  not  think  that  all  concrete 
deserves  the  bad  name  that  Mr.  Christie  gives  it. 

Edward  S.  Hutchinson. — I  would  like  to  ask  Dr.  Le iTauiiuj  wUiit  Usiu|H?r«- 


ture  the  wire-glass  was  subjected  to  in  the  experiment,  the  sliik^ 
he  showed  a  few  moments  ago.  i 

Mr.  McDevitt. — Mr.  Chairman,  in  answer  to  that,  thf*  Ba| 
writers  made  tests  with  buildings  constructed  just  \ht-  T^mntt  af 
showed.  The  first  test  was  a  cord  of  wood  set  under  »  vrmdn(W< 
perature  rose  to  1900  degrees  in  half  an  hotu*;  the  next  (<  e  \vii»i  th^ 
of  wood  on  the  inside  of  the  building;  the  temperature  n^-i^  ro  aba' 
and  it  was  a  very  severe  test — not  quite  as  bad  as  th^*  tirr 
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the  frame  and  the  glass  stood  pretty  well.  One  thing  we  observed,  the  he«t 
penetrated  the  wire  glass  the  same  as  with  ordinary  window-glass.  We  made 
tests  with  a  possibility  of  Igniting  inflammable  material  on  the  inside,  whtcfa 
we  fomid  would  be  the  case.  This  transmission  of  external  heat  has  been  1^ 
sened  by  the  use  of  a  double  case  frame  with,  say,  two  sashes  and  a  space  between. 
Speaking  of  metal  frames,  in  the  Baltimore  ruins  there  is  a  bank  building,  about 
the  size  of  our  Franklin  Institute,  with  burned  buildings  all  around  it.  We 
wondered  how  it  escaped,  and  found  that  the  window  frames  and  sash  were 
made  of  steel.  The  glass  was  all  gone,  but  the  windows  were  protected  on  the 
inside  by  steel  shutters.  It  was  a  brick  building  trimmed  with  dark-colored 
«tone.  The  roof  was  tile,  on  iron  beams.  Some  of  the  walls  fell  on  the  roof, 
but,  except  for  that,  the  building  was  saved  from  the  fire.  Here  is  an  example 
of  how  easily  these  skyscrapers  can  be  protected  with  steel  shutters  on  the  inside 
of  the  building.  They  would  not  look  objectionable  and  could  be  closed  from 
the  inside  of  the  building.  The  piunt  was  burned  off  the  shutters,  the  gla»  oC 
course  was  gone,  but  the  steel  sash  and  frames  were  good.  The  rear  of  one  of 
the  buildings  shown,  had  wired  glass  with  metal  frames.  It  stood  a  very  severe 
fire,  but  is  in  pretty  good  shape.  Some  of  the  windows  were  broken,  but  I 
found  on  looking  inside  that  there  was  nothing  there  to  take  fire — it  was  all 
metal  construction.  There  is  no  glass  of  any  kind  that  could  stand  the  tem- 
perature of  that  conflagration.  You  could  not  expect  it.  The  building  of  which 
I  speak  still  stands.  The  inside  steel  shutters  are  still  lq  place,  nothing  but 
the  paint  came  off.  These  inside  shutters  apparently  afford  as  much  protection 
as  outside  shutters. 

Walter  Loring  Webb. — I  want  to  suggest,  by  way  of  expl^iation,  the 
€ause  of  the  discrepancy  between  the  statement  of  Mr.  Merritt  and  Mr.  Christie. 
Mr.  Merritt  referred  to  cinder  concrete.  Is  it  not  possible  that  the  cinder  ccm- 
crete,  the  matrix  of  which  b  composed  of  fine  particles  which  have  already  been 
«ubjected  to  very  severe  heat,  will  not  be  so  affected  by  fire  or  even  by  the 
severe  treatment  of  throwing  cold  water  on  it,  when  stone  concrete  might  go 
to  pieces?  Of  course,  the  stone  concrete  is  stronger  structurally  and  better  in 
that  respect,  but  I  have  an  idea  that  the  cinder  will  stand  heat  better. 

Mr.  Furber. — The  statement  that  cement  is  a  fireproof  material  can  hardly 
be  upheld  by  chemical  investigation.  When  it  is  realized  that  about  25  per  cent, 
of  water  is  crystallized  lq  its  composition,  it  is  obvious  that  intense  heat  will 
-drive  this  water  off  and  thus  disintegrate  the  mass.  I  have  made  a  number  of 
experiments  on  pieces  of  porous  hollow  clay  tile,  heating  them  to  redness  and 
then  plunging  them  into  water,  and  lq  no  instance  did  the  fire-clay  tile  suffer 
apparent  injury.  I  have  also  made  a  number  of  similar  experiments  with  cement 
briquettes  of  varying  composition,  and  in  no  instance  did  the  briquettes  fail 
to  disintegrate,  either  wholly  or  partly,  for  the  chemical  reasons  previously 
mentioned. 

Cement  or  concrete  is  a  slow  conductor  of  heat,  and  for  this  reason  may  make 
a  better  apparent  showing  than  might  be  expected,  but  the  continued  appUcatioo 
of  heat  must  disintegrate  the  whole  mass. 

Henry  H.  Quimby. — Mr.  McDevitt  referred  very  briefly  to  an  occurrence 
that  he  declared  was  really  responsible  for  the  spread  of  the  fire  beyond  the 
Hurst  Building.    The  daily  papers  referred  to  it  somewhat  vaguely,  probably 


General  Discussion — Conflagrations  in  Cities,  191 

because  it  was  not  very  well  understood.  There  must  be  some  facts  of  scientific 
interest  connected  with  it.  It  was  the  explosion  of  smoke  in  the  building.  I 
have  had  occasion  to  make  tests  of  the  ignitibility  of  mixtures  of  gas  and  air.  Gas 
will  not  ignite  without  a  sufficient  admixture  of  oxygen.  Our  illuminating  gas 
here  requires  to  ignite  it  at  all  as  much  atmospheric  air  as  three  times  its  own 
volimie,  and  then  it  ignites  slowly — that  is,  with  very  little  explosive  effect. 
Its  maximum  explosive  quality  is  reached  with  a  little  over  six  times  its  own 
volume,  and  it  will  not  ignite  if  the  percentage  of  gas  in  the  mixture  is  less  than 
7^  or  8,  depending  on  the  composition  of  the  gas.  Probably  in  the  Hurst  Building 
a  hydrocarbon  smoke  was  generated  by  the  fire  that  started  there,  or  a  laige 
volume  of  illuminating  gas  escaped  from  broken  pipes  and  did  not  ignite  imtil 
a  sufficient  percentage  of  air  became  mixed  with  it.  I  think  it  probable  that 
the  destruction  of  the  city  of  St.  Pierre  on  the  island  of  Martinique  was  caused 
by  gas.  I  believe  (though  I  have  not  seen  the  theory  advanced)  that  the  volcano 
had  emitted  a  large  volume  of  gas  which  did  not  take  fire  until  it  had  spread 
far — probably  covered  the  city — and  by  that  time  becoming  mixed  with  sufficient 
atmospheric  air,  ignited  with  explosive  suddenness  and  intense  heat.  It  seems 
to  me  that  this  is  the  only  theory  that  will  account  for  the  phenomenon  of 
the  disaster.  I  think  that  the  admixture  of  gas  and  air  accounts  for  the  explo- 
sions in  conduits  and  manholes  which  have  occurred  recently.  If  we  can  find 
some  means  to  fight  a  fire  while  we  prevent  the  introduction  of  air  into  the 
building  that  is  on  fire,  we  will  lessen  the  danger  of  an  explosion. 

Mr.  McDbvitt. — In  reference  to  that  subject,  the  gentleman  is  right.  These 
explosions  do  not  occur  imtil  the  air  is  admitted.  Admit  the  proportions  of  air, 
combined  with  the  gas,  and  that  is  the  time  you  get  the  explosion.  Then  during 
the  fire  we  see  another  collection  of  smoke  which  is  very  thick  and  in  excess 
of  the  proper  proportion  of  oxygen,  then  we  do  not  get  the  explosion.  Generally, 
just  as  soon  as  the  firemen  open  the  door,  which  they  have  to  do,  then  the  explo- 
sions occur,  as  there  is  a  sufficient  proportion  of  oxygen  allowed  to  enter  the 
building.  I  suppose  you  are  all  aware  that  smoke  is  escaped  combustible  matter. 
It  vaporizes,  gets  cooled  as  it  rises  from  the  heat,  and  condenses  into  a  cloud 
which  we  call  smoke.  Just  as  soon  as  the  oxygen  is  spread  out  it  then  forms 
a  highly  explosive  mixture.  In  every  case  in  which  explosions  occur,  it  is  at 
the  earliest  stage  of  the  fire,  just  by  opening  the  door  and  allowing  sufficient 
oxygen  to  ascend  and  mix  with  smoke.  Our  firemen  here  generally  try  to  get 
on  the  roof,  break  it  in  and  ventilate  it.  From  tests,  I  find  that  the  slightest 
saturation  of  moisture  will  kill  the  explosive  effect.  If  sprinklers  were  in  the 
building  and  were  opened,  you  would  not  be  apt  to  get  an  explosion. 

Mr.  Schumaxx. — In  connection  with  the  remarktj  ni  Mr.  M<.:D**vittj  it 
to  me  that  ventilating  shafts  or  ducts,  leading  from  the  sijlHlivbiou"  ""^ 
or  a  building  filled  with  combustibles,  are  an  essential  fnr  th«  **!4capf 
of  combustion.     I  believe  destruction  is  often  due  to  gucJ(Ji*ti  «xpiuj| 
sion  of  gases  generated  by  a  fire  and  confined  by  reason  of  a  lack  ( 

Mr.  Hutchinson. — Referring  to  the  effect  of  smoke  m  add 
of  an  explosion,  I  had  occasion,  some  years  ago,  to  inxcs^^tigate  i 
explosion  in  the  coal  mines  of  the  Southwest  Virginia  Inipr 
in  the  Pocahontas  region  of  West  Virginia,  and  the  rt"^ult  cli 
the  fine  particles  of  dust  floating  in  the  air,  as  well  o^  dm  ] 
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on  the  floor  of  the  mme,  materially  increased  this  force.  The  carbonization  ex- 
tended several  hundred  feet  from  the  initial  point.  While  the  two  inst^mces 
are  not  alike,  yet  it  is  reasonable  to  infer  that  the  very  finely  subdivided  carbon 
of  smoke  is  much  more  readily  ignited  than  mine-dust. 

The  President. — The  fire  in  Baltimore  seems  to  have  been  an  exceptionany 
hot  one,  as  I  understand  that  there  was  absolutely  no  unconsimied  combustible 
material  left  in  the  debris.  It  seems  as  though  most  of  the  buildings  had  been 
heated  to  a  very  high  temperature  before  combustion  began;  after  it  began  it 
was  naturally  very  rapid. 

There  was  an  incident  of  interest,  in  connection  with  some  pap>erB  in  the 
inside  of  a  fireproof  safe.  This  safe  contained,  closely  packed  in  the  {Hgeon> 
holes,  the  books  of  a  company,  while  in  the  vacant  space  in  frcHit  there  had 
been  placed  a  lot  of  loose  papers  which  were  of  comparatively  little  value, 
and  had  been  hastily  put  in  the  safe  before  it  was  closed.  Diuing  the  fiie 
the  safe  had  become  red-hot  on  the  outside.  After  the  safe  had  been  cooled 
with  water  it  was  opened,  and  it  was  found  that  the  things  which  had  been 
closely  packed  in  the  pigeon-holes  were  completely  consimiied,  while  the  loose 
papers  in  the  open  space  in  the  front  part  of  the  safe  were  practically  uninjured. 

In  connection  with  the  subject  of  the  source  of  fires,  it  might  be  of  interest 
to  call  attention  to  the  fact  here,  that  a  number  of  fires  have  been  started  in 
cleansing  establishments  by  electric  sparks  generated  by  the  friction  of  the 
woolen  materials  and  the  benzine  or  gasoline  in  which  they  were  being  washed* 
These  electric  sparks  are  generated  in  the  same  way  as  when  the  fur  of  a  cat 
is  stroked  by  a  hand.  It  seems  that  when  these  goods  are  raised  out  of  the 
tanks  the  friction  of  the  liquid  against  the  fabric  generates  these  sparks,  and 
when  this  occiu^  in  the  open  air  above  the  tanks,  ignition  naturally  follows. 

Harrison  Souder. — There  is  one  point  that  has  not  been  touched  upon  in  this 
discussion,  and  that  is  the  value  to  any  city,  of  occasional  boulevards  or  park- 
ways, say  150  feet  wide  or  more,  running  through  and  around  the  city;  pro- 
viding thus  not  only  handsome  driveways,  but  valuable  fire  stops.  These  would 
be  of  great  assistance  in  confining  fires  within  given  districts  and  give  better 
opportunities  for  fighting  them.  Baltimore  realizes  this,  and  is  planning  to 
widen  the  streets  in  the  burned  district.  It  would  seem  that  the  Baltimore 
fire  would  supply  a  strong  argument  in  favor  of  the  boulevards  and  parkways 
which  it  is  propose<l  to  establish  here  in  Philadelphia, 
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NEW  STEAM  TURBINE  DEVELOPMENTS. 

W.  L.  R.  EMMET. 
lUad  March  19, 190U. 

Since  previous  papers  and  publications  have  described  the  earlier 
work  on  the  Curtis  turbine,  and  have  given  results  accomplished  by 
the  machines  first  developed,  it  is  undesirable  to  go  into  all  these 
details  again,  and  therefore  the  scope  of  this  paper  is  principally  coi;i- 
fined  to  the  work  and  experiences  of  the  past  year. 

A  paper  read  by  the  writer  before  the  American  Philosophical 
Society  in  this  city  last  April  gave  the  results  obtained  from  the  first 
conmiercial  Curtis  turbine  built  at  Schenectady,  and  described  designs 
of  other  machines  then  in  process  of  development.  This  paper  also 
made  certain  predictions  concerning  the  possibility  of  the  type,  and 
claims  as  to  its  superiority  over  other  engines  and  turbines  which  were 
then  known  to  the  world.  These  claims  and  assertions  called  forth 
some  vigorous  protests  from  Europe,  where  much  active  turbine  work 
was  then  in  progress.  The  results  of  tests,  given  in  the  paper  above 
mentioned,  were  at  the  time  of  their  publication  the  best  record  of  a 
turbine  performance  which  had  been  given  to  the  public  in  America, 
and  this  fact,  in  connection  with  the  complete  practical  success  of  the 
unit  in  question,  justified  all  the  statements  that  were  then  made 
concerning  it  and  the  type  which  it  represented.  Shortly  after  the 
publication  of  this  paper,  test  records  were  published  which  showed 
very  good  results  with  large  European  turbines  of  the  Parsons  type, 
and  which  seemed  to  justify  the  protests  which  had  been  made  against 
our  rather  positive  claims  of  superiority. 

All  the  statements  in  my  paper  of  April,  1903,  referred  to  designs 
which  were  decided  upon  before  the  first  practical  operating  expe- 
rience with  the  commercial  Curtis  turbines  had  been  obtained,  but 
the  conmiercial  results  accomplished  since  with  the  machiBes  first  put 
out,   alone  justify  the  claims  made.     After  the   first   ^ 
machines  had  been  experimented  with,  and  when  the  tiieor 
sibilities  relating  to  their  action  had  been  studied^  we  de^ 
some  radical  changes  of  type  based  upon  new  tbeoii«| 
ments.    The  first  machines  of  this  new  type  have  lm%] 
and  put  into  operation.    These  newer  machines 
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improvements  over  the  first  machines  designed,  and  seem  to  furthe 
justify  our  most  sanguine  predictions.  The  first  vertical  shaft  tar- 
bines  built  by  the  General  Electric  Co.  were  of  500  kw,  1500  Inr, 
and  5000  kw  capacities;  and  in  the  matter  of  arrangement  of  stages. 
nozzles,  and  buckets,  were  very  similar  to  the  horizontal  shaft  machines 
originally  built.  In  these  respects  they  were  based  upon  the  ideas 
embodied  in  Mr.  Curtb'  first  conceptions.  The  first  of  these  vertical 
shaft  machines  was  put  into  commercial  operation  less  than  a  year  ago. 
and  since  then  about  fifty  have  been  shipped  and  at  least  twenty 
have  been  put  into  service.  In  operating  all  these  machines  there 
has  been  ample  opportunity  to  test  the  practicability  and  value  of 
the  novel  features  which  they  embody. 

The  paper  read  before  the  Philosophical  Society  was  the  first  publica- 
tion concerning  turbines  of  this  vertical  type,  and  it  called  forth  manj 
comments  concerning  the  possible  difficulties  of  designs.  These  were 
the  first  machines  of  such  great  weight  to  be  operated  on  vertical 
shafts  at  such  high  speeds.  Vertical  shafts  had  been  used  before 
for  many  purposes,  but  their  use  had  been  under  conditions  where 
the  problem  of  support  and  lubrication  was  very  different.  The 
method  of  governing  and  controlling  valves  was  also  new,  and  the 
method  of  packing  the  shaft,  where  it  passes  out  of  the  turbine  casing, 
was  different  from  anything  which  had  previously  been  used.  The 
generators  also  were  of  new  type,  quite  different  from  an3rthing  which 
had  previously  been  produced.  The  designing  and  starting  of  tiiese 
machines  therefore  presented  a  very  complicated  problem,  and  trouble 
with  some  details  was  reasonably  to  be  expected.  Experience  has 
shown  that,  in  all  essentials,  these  designs  are  practical  and  desirable. 
The  difficulties  encountered  have  been  in  relatively  imimi>ortant 
details  and  from  unexpected  causes. 

The  first  machine  of  this  type  to  be  put  into  service  was  of  500  kw 
capacity  and  was  installed  at  Newport,  R.  I.  Since  its  installation 
two  other  similar  machines  have  been  put  into  the  same  station.  The 
first  of  these  machines  has  been  in  service  since  July,  1903,  and  the 
other  two  have  been  in  service  for  several  months.  The  service  of 
this  station  has  been  carried  by  these  turbines  without  interruption, 
and  the  results  accomplished  by  them  have  been  very  satisfactory. 
Several  troubles  were  discovered  soon  after  starting,  and  much  ex- 
perimenting has  been  done  with  the  owner's  'consent;  this  plant  being, 
by  agreement,  selected  for  this  particular  purpose.  These  experi- 
ments have  led  to  the  circulation  of  reports  of  trouble,  but  in  reality 
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have  not  arisen  from  any  trouble  of  very  serious  character.  The 
first  serious  trouble  encountered  was  with  the  balance  of  the  generator, 
which  had  not  been  very  carefully  considered  before  the  installation 
was  made.    Imperfection  of  balance  gave  trouble  with  the  bearings. 
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Eppect  of  Superheat  on  Steam  Consumption  (WAtKK  Uatp  rmmWf 

.i 

which  trouble  was  overcome  when  the  balance  was  impni 
attachment  of  suitable  weights.    The  origijial  constmi* 
step-bearing  made  possible  a  certain  degree  of  instabUili 
under  certain  conditions,  and  changes  of  dcHign  weraj 
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soon  after  the  starting  of  this  machine,  which  have  entirely  overcome 
this  trouble.  The  valves  as  originally  designed  for  this  machine  -wen 
imperfect  in  certain  respects  and  had  to  be  redesigned,  with  certain 
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changes  of  proportions  in  parts,  but  without  any  change  in  the  general 
character  or  principle  of  action.  For  a  long  time  past  there  has  been 
no  trouble  in  connection  with  the  Newport  installation,  and  there 
are  now  about  fifteen  similar  machines  operating  without  trouble  erf 


Emmet — New  Steam  Turbine  Developments, 


197 


any  kind.  There  are  still  improvements  contemplated  in  comiection 
with  these  machines  with  a  view  to  reducing  the  labor  of  their 
attendance  and  diminishing  the  possibility  of  interruptions.    It  has 
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wiTHonT  Superheat.    Initial  Pressure  145  Qauob.  tj 


been  proved,  however,  that  their  original  designs,  alm<3 
change,  were  practicable  and  advantageous  for  commercial  i 
short  time  ago  tests  were  conducted  on  thes'e  machines 
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Barms  on  behalf  of  the  purchasers,  with  a  view  to  ascertaining  whetJier 
they  had  met  the  guarantees  of  the  contract.  The  tests  showed  that 
the  contract  guarantees  had  been  met  and  also  showed  many  of  the 
practical  advantages  of  machines  of  this  type. 

The  Following  Report  Gives  the  Results  of  Tests  Made  Ufox 
500  Kw  Turbine  Set  Manufactured  by  the  General  Elec- 
tric Company  and  Installed  at  Newport,  R.  I. 

This  set  is  equipped  with  a  60  cycle  2300  volts  generator  and  is  used 
for  a  supply  of  current  for  lighting  and  railway  purposes;  the  railway 
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FiQ.  4. — Ck)ififBRCiAL  Run — 500  Kw  Turbinb  at  Newport,  R.  I. 

work  being  the  most  important  part  of  the  load.  The  tests  were 
conducted  by  George  H.  Barrus,  of  Boston,  who  represented  the 
owners,  the  Massachusetts  Electric  Co.,  and  Mr.  Richard  H.  Rice, 
recently  of  Rice  &  Sargent,  and  A.  R.  Dodge,  who  represented  the 
General  Electric  Co.  Tests  were  made  and  water  rates  measured 
with  various  conditions  of  fixed  load  with  and  without  superheat, 
as  shown  by  the  curves  (Figs.  1,  2,  and  3).  Tests  were  also  made 
with  such  commereial  loads  as  are  daily  experienced  in  this  plant,  and 
the  steam  consumption  per  kilowatt  hour  under  working  conditions 
was  ascertained    by  the  most  careful  determinations  of   the    total 
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water  condensed,  and  the  load  as  measured  by  many  instruments  and 
as  recorded  by  carefully  checked  recording  wattmeters. 

Attention  is  specially  called  to  the  records  of  operation  under  com- 
mercial load,  since  they  illustrate  the  great  practical  advantage  afforded 
by  apparatus  of  this  kind.  The  character  of  the  load  during  these 
tests  is  shown  by  diagrams  Figs.  4,  5,  and  6,  which  indicate  inces- 
sant fluctuations,  with  an  average  sudden  variation  of  about  100 
kw,  and  with  an  average  load  of  only  253  kw  in  one  case  and  421 
in  another.  In  the  former  case  the  average  steam  consumption  per 
kilowatt  hour  was  only  22.38  pounds.  It  can  be  positively  asserted 
that  the  best  steam  engines  now  used  for  such  purposes,  in  this  countr}^ 
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would  consume  at  least  28  pounds  of  .steam  per  ki]r*wa t.t  1|^^ 
such  load  conditions,  and  in  most  castas  \hv  conf^iiniptit? 
considerably  larger.     The  consumption  o(  20  J3  piiunil 
hour  with  an  average  of  421  kw  of  siieh  viirinbh*  Itmi 
fine  performance. 

In  considering  these  results,  it  should  rtlsii  Im  k' 
the  plant  which  gives  these  results  jn^^soipt*  l^ 
advantages  which  conduce  to  economy.     All  tlifl 
this  plant,  since  it  originally  started.  !ihs  fHn*ii]' 
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the  boilers,  and  the  boilers  are,  consequently,  at  the  present  time  in 
a  perfectly  clean  condition,  although  the  natural  water-supply  of 
Newport  is  bad.  During  all  this  time  no  oil  has  passed  into  the  boilers 
nor  been  wasted ;  it  is  simply  circulated  and  used  over  and  over  again. 
The  absence  of  air  leakage  in  the  turbine,  and  the  absence  of  air  in 
the  feed   water,  greatly  simplify  the  maintenance  of  a  good  vacuum, 
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Fig.  6. — Rrcording  Tachometer  Chart,  Showing  Speed  Regulation  with  Commercial 
Loads.     Five  Hundred  Kw  Turbine  at  Newport,  R.  I. 


which,  of  course,  contributes  to  these  excellent  practical  results. 
The  whole  arrangement  of  this  plant  is  compact,  simple,  and  easy  of 
maintenance,  and  the  results  are  representative  of  those  which  can 
be  obtained  anywhere  from  such  apparatus  where  the  water  for  con- 
densation is  available. 
These  results  were  obtained  from  the  first  of  our  commercial  turbines. 
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and  we  expect  in  future  work  to  greatly  exceed  the  degree  of  economy 
here  sho^^-n.  Since  the  design  of  this  machine  our  turbines  have  been 
greatly  changed  and  improved,  and  these  results  should  not  be  con- 
sidered as  representative  of  the  type.  It  is  questionable,  however, 
whether  practical  results  under  service  conditions  as  good  as  these 
can  be  shown  by  other  existing  engines  or  turbines,  although  less 
water  consumption  may  be  shown  under  certain  conditions  of  load. 

SUMMARY  OF  COMMERCIAL  RUNS  OF  JANUARY  15th  and  26th,  1904. 

January  15.  1904.  January  26,  1904. 

Duration, 12  hours  15  hours 

Total  coal  (wet),    13,517  pounds  10,205  pounds 

Moisture  in  coal, 3.1  per  cent.  5.5  per  cent. 

Water  evap>oratetl, 127,267  pounds  104,026  ix)unds 

Drip  withdraHTi  from  steam  pipe  per 

hour, 46  pounds 

Moisture  by  calorimeter, 3.05  per  cent.  2.1  per  cent. 

Total  steam  to  turbine, 108,100  pounds  86,833  pounds 

Steam  per  hour  to  turbine, 9008.5    pounds  5769  pounds 

Dr>-  steam  per  hour  to  turbine, 8733.8    pounds  5667  pounds 

Load  by  polyphase  meter, 406.4    kw.  234.7    kw. 

Load  on  auxiliaries  (average), 14.9    kw.  18.5    kw. 

Total  load  (average), 421.3    kw.  253.2    kw. 

Dry  steam  per  kw  hour, 20.73  pounds  22.38  pounds 

Dry  coal  per  kw  hour, 2.67  pounds  2.54  pounds 

In  October,  1903,  the  first  50(X)  kw  turbine  was  installed  in  the  new 
plant  of  the  Chicago  Edison  Company.  This  machine  was  put  into 
commercial  service  soon  after  its  installation,  and  since  that  time  two 
others  have  been  installed.  The  first  machine  has  been  in  commercial 
service  daily  since  its  original  starting,  and  the  second  machine  has 
been  in  service  for  several  months  past.  Neither  of  them  has  been 
subject  to  any  interruptions  of  service  through  its  own  defects,  and 
for  some  time  past  they  have  both  operated  almost  continuously. 
They  have,  on  some  occasions,  been  kept  under  load  for  five  days 
without  stopping.  In  many  cases  they  have  operated  with  extreme 
overloads  and  have  regularly  been  depended  upon  throughout  the 
winter.  Several  unforeseen  troubles  have  been  experienced  with  these 
machines  also.  The  valves,  as  originally  designed,  have  been  sub- 
ject to  the  same  difficulties  experienced  at  Newport,  and  have  been 
replaced  by  valves  of  such  improved  construction  as  could  be  applied 
without  loss  of  time  or  interruption  of  service.  This  trouble  with 
valves  has,  however,  caused  no  stoppages,  since  the  principle  of 
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governing  is  such  that  each  valve  operates  independently,  so  that 
the  failure  of  one  simply  serves  to  throw  the  work  on  to  the  next  in 
order. 

There  have  also  been  in  Chicago  certain  unexpected  movennentii  of 
w^heels,  through  variations  of  temperature,  which  have  made  necessan- 
certain  adjustments  which  were  not  orignally  intended.  The  fact 
that  machines  have  been  required  for  daily  service  has  made  it  im- 
possible to  correct  the  cause  of  these  difficulties  and  has  occasioned 
a  little  inconvenience  in  handling  them.  No  trouble  has  arisen  in 
connection  with  these,  or  other  machines,  w^hich  is  not  readily 
curable  and  which  cannot  be  avoided  in  all  future  machines,  and  none 
of  the  troubles  has  been  of  sufficient  magnitude  to  interrupt  the  con- 
tinuity of  service  or  appreciably  impair  the  efficiency  of  action. 

The  machines  in  Chicago  operate  with  wonderful  steadiness  and 
freedom  from  vibration  under  all  conditions  oi  load.     The  generators 
are  cool  and  have  given  no  trouble  whatever.     The  electrical  regula- 
tion is  good  and  the  speed  control  has  always  been  perfect,  in  spite 
of  the  difficulties  with  valves  above  mentioned.     The  machines  have 
repeatedly  been  subjected  to  sudden  accessions  of  heav>^  load,  in  eases 
of  accidents  with  other  apparatus,  and  have  repeatedly  been  called 
upon   to   operate   non-condensing   without   interruption  of   ser\'ice. 
through  some  failure  of  the  condensing  facilities.     In  all  such  cases 
they  have  successfully  performed  the  duty  for  which  they  were  de- 
nned.   The  step-bearings  have  never  given  any  trouble  from  the 
time  the  plant  was  started.     Some  changes  are  still  contemplated  in 
connection  with  these  machines   and  they  will  be  applied  when  any 
of  the  machines  can  be  spared  from  regular  service.     These  changes 
are  not  of  an  important  character  and  it  is  expected  that  the^^  will 
overcome  the  small  inconveniences  which  remain.     No  official  tests 
of  the  Chicago  units  have  ever  been  made,  and  no  accurate  knowledge 
concerning  their  steam  consumption  is  possessed.     Tests  were  begun 
at  one  time,  but  a  large  and  variable  leakage  in  the  condenser  made  it 
impossible  to  weigh  water,  and  testing  was  postponed  on  account  of 
the  late  season,  which  made  it  necessar\^  to  keep  the  machine  in  com- 
mercial serxice.     The  facilities  for  shipment  limit  the  diameter  of  a 
5000  kw  machine  of  the  Chicago  tyjje,  and  it  is  therefore  designed 
for  a  lower  peripheral  velocity  than  other  machines  of  the  kind.     It 
was  guaranteed  to  give  about  the  same  steam  economy  as  the  machine 
at  Newport,  and  it  is  probable  that  it  gives  a  ver}^  similar  result. 
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As  has  been  said  the  development  of  our  ideas  led  us  to  adopt  new 
principles  of  turbine  designs  before  the  machines  above  mentioned  were 
put  into  service,  and  it  is  only  very  recently  that  the  first  machine  of 
this  new  type  has  been  run  and  tested.  These  new  condensing  tur- 
bines, which  have  been  designed  within  the  past  year,  are  still  of  the 
vertical  shaft  type  but  have  four  stages,  while  the  machines  above  men- 
tioned have  only  two.  In  each  of  these  four  stages  there  is  a  cast-steel 
wheel  canning  at  its  outer  edge  two  rows  of  buckets;  the  stages  being 
separated  by  diaphragms  which  form  separate  compartments,  and 
which  are  so  shaped  as  to  bear  the  pressure  of  steam  to  which  they 
are  subjected.  In  these  diaphragms,  or  attached  to  them,  are  sets  of 
nozzles  which  deliver  the  steam  to  the  wheel  of  the  succeeding  stage, 
the  number  and  size  of  these  nozzles,  and  the  portion  of  the  circle 
which  they  cover,  increasing  from  stage  to  stage  as  the  steam  expands. 
The  wheels  of  these  machines  are  of  extremely  simple  construction 
and  the  attachment  of  buckets  is  simple  and  strong.  They  are  oper- 
ated with  ample  clearances  and  no  adjustment  whatever  is  required 
in  their  operation  under  any  conditions.  The  machines  can  be 
started  immediately  without  preliminary  heating,  and  require  no 
adjustments  with  changes  of  temperature,  load  or  vacuum.  These 
new  machines  are  governed  solely  by  the  original  admission  of  steam; 
the  number  of  first  stage  nozzles  in  flow  being  controlled  by  the  gov- 
ernor and  always  kept  proportional  to  the  load.  The  stationary 
buckets  in  these  machines  project  from  heavy  strips  of  metal  fitted 
in  slots  and  firmly  held  to  the  stationary'  part  by  heavy  bolts  from  the 
outside.  The  construction  is  such  that  the  injury  through  accidental 
interference  between  the  moving  and  stationar}^  parts  is  very  small, 
no  distortion  or  warping  being  possible.  The  construction  of  the 
machine,  however,  and  the  ample  clearance,  make  it  easy  to  avoid 
such  touching  altogether,  even  where  machines  are  started  for  the 
first  time. 

We  have  recently  tested  a  2000  kw  macliiiif  n(  cmr  ****"*  ^'^'*r-^tage 
type  under  the  conditions  of  vacuum  and  suprThee  '  our 

Schenectady  power  station.  These  tests  have  iio 
far  enough  to  fully  analyze  the  possibilities  of  thl 
best  adjustment  of  shell  pressures  and  all  otluT  vm 
have,  however,  shown  remarkably  fine  steam  vcom. 
able  that  still  better  results  will  be  product^tJ  n  ithlo 
results  and  conditions  of  some  of  these  test^  at 


our 

1^ 


204  Emmet — Nerv  Steam  Turbine  Developments. 


I     February.     !  March. 

23d.     '    25tb.  nth.  I  12tb. 


2 

3 

4 

5 

2400 

,  1740 

2210 

2760 

,    760 

750 

750 

750 

1    JA6.5 

155 

160 

160 

23» 

202 

212 

192 

1      28.5 

28.73 

28.60 

28.35 

1      13.^ 

15.30 

15.20 

16.20 

Load  in  kilowaitH ,  17M) 

Revolutions  per  luiuute, >  760 

Gftug«  pressure, [    140.5 

Superheat.  K., 200 

Inches  of  Tacuuiii 28.5 

Pounds  of  waier  per  kilowatt 
hour, I      14.2    ;      13.^         15.30  1      15.20        16.20       20.1  16.30 


687 

1000 

aooo 

750 

750 

7» 

150 

160 

160 

215 

242 

242 

28.2 

28.9 

2tf  78 

After  the  first  two  tests  here  reported,  a  change  in  the  arrangement 
of  the  machine  was  made,  and  this  change  produced  an  unforeseen 
condition,  which  we  think  was  very  disadvantageous  to  the  machine. 
All  the  tests  given  were  made  with  the  best  facilities  for  long  periods 
with  perfectly  fixed  conditions,  and  we  have  ever}^  reason  to  believe 
that  all  are  nearly  correct.  The  tests  made  under  the  second  condi- 
tion were  ^^itnessed  by  many  prominent  engineers,  and  all  the  con- 
ditions were  accurately  verified.  It  seems  to  be  quite  certain  that 
the  best  arrangement  of  the  machine  will  give  a  result  better  than 
any  that  has  been  obtained.  While  these  tests  do  not  give  a  complete 
and  conclusive  record  of  the  possibilities  of  this  machine  under  all 
conditions,  they  certainly  demonstrate  that  its  steam  economy  is 
superior  to  that  of  most  engines  or  turbines  which  are  available  for 
similar  purposes. 

Satisfactory'  tests,  without  superheat,  have  not  yet  been  made 
upon  this  machine.  The  indications  of  such  tests  as  have  been  made 
are  that  the  improvement  with  superheat  is  ver>'  large,  and  that  in 
this  respect  the  functioning  of  the  machine  is  ver\'  similar  to  that  of 
the  Parsons  turbines,  which  show  more  benefit  from  superheat  than 
the  earlier  turbines  of  the  Curtis  type.  The  use  of  high  degrees  of 
superheat  has  been  considered  commercially  desirable  in  connection 
with  the  Parsons  turbines,  and  the  indications  are  that  the  same 
reasoning  applies  to  machines  of  this  type. 

These  machines  are  designed  to  operate  with  superheat,  without  any 
mechanical  difficulty,  and  it  is  probable  that  future  steam  plants 
designed  for  the  use  of  such  apparatus  will  use  high  steam  temperatures. 
In  the  course  of  tests  with  experimental  turbines  Mr.  A.  R.  Dodge, 
of  Schenectady,  has  obser\'ed  certain  conditions  which  indicate  serious 
errors  in  the  ideas  previously  accepted  concerning  the  specific  heat 
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of  superheated  steam,  and  these  observations  have  led  us  to  make 
investigations  of  this  matter.^  By  delivering  superheated,  steam  to  a 
turbine  fitted  with  a  water  brake  we  can,  at  will,  vary  the  amount 
of  work  extracted  from  the  steam,  until  the  exhaust  is  brought  to  a 
saturated  condition.  If  we  know  accurately  the  temperature  and 
weight  of  exhaust  steam,  and  the  temperature  and  pressure  of  the 
steam  admitted,  and  have  an  exact  measure  of  the  work  extracted 
from  the  steam,  and  of  the  heat  radiated,  we  have  in  our  possession 
all  data  necessary  to  calculate  the  total  heat  of  steam  admitted.  This 
method  of  test  is  subject  to  certain  difficulties  and  maccuracies,  but  has 
the  advantage  that  it  can  be  carried  on  on  a  considerable  scale  with 
large  flows  and  steadily  maintained  conditions.  We  have  made  such 
tests  with  different  degrees  of  superheat,  and  have  checked  approxi- 
mately some  of  our  results  by  other  methfxls  of  investigation.  The 
result  of  these  tests  indicates  that  the  specific  heat  of  superheated 
steam  under  the  conditions  ordinarily  used  is  much  greater  than  has 
generally  been  supposed.  The  idea  generally  accepted,  until  quite  re- 
cently, has  been  that  the  specific  heat  of  superheated  steam  under  all 
conditions  was  0.48.     Our  investigations  indicate  the  following  figures : 

VALUES  OF  Cp  AT  155  POUNDS  ABSOLUTE. 

(Cp  being  the  average  of  specific  heat  up  to  these  temperatures;   not  the  heat 

required  for  a  rise  of  1"  at  these  temperatures.) 

SUPP.RHEAT.  Cp. 

0°  F.  0.52 

100°  F.  0.65 

150°  F.  0.7 

200°  F.  0.74 

250°  F.  0.77 

It  is  probable  that  our  investigations  on  this  subject  will  be  carried  fur- 
ther, and  that  Mr.  Dodge  will  publish  fuller  and  more  accurate  figures. 
Since  this  work  was  done,  ver>^  similar  figures  have  been  arrived  at 
independently  and  by  different  methods  in  England  and  in  Germany. 
The  design  of  steam  turbines  is  susceptible  of  many  variations  in 
mechanical  arrangement  and  steam  action.  It  is  probable,  however, 
that  the  four-stage  machine  here  described  will  hold  its  own  against 
all  competing  engines  for  some  time  to  come,  and  that  it  will  be 
extensivelv  used. 


The  President  then  announced  the  paper  open  for  discussion,  and 
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in  reply  to  questions  from  members  and  visitors  Mr.  Emmet  explained 
as  follows :  , 

This  type  of  turbine  is  adapted  to  operation  between  any  pressure 
limits,  and  the  work  obtained  will  generally  var\'  in  approximate 
proportion  to  the  variable  energy  in  the  steam. 

The  wear  of  buckets,  as  determined  by  experience  with  existing 
machines  and  by  experiment,  is  so  small  as  to  indicate  inappreciable 
expense  in  maintenance.  The  appreciable  wear  is  confined  to  parti- 
which  are  in  continuous  contact  \\ath  steam  ha\ing  a  high  density  and 
high  velocity,  and  these  parts  are  small,  inexpensive,  and  easily  re- 
placed. The  first  set  of  stationary  buckets  is  subject  to  more  wear 
than  any  other  part.  In  a  500  kw  machine  this  part  should  wear  at 
least  two  years  and  should  not  cost  more  than  $25. 

All  of  these  turbines  have  been  designed  for  electrical  purposes  and 
for  operation  at  a  fixed  speed ;  the  design  being  made  with  a  ^iew  to 
accomplishing  the  highest  attainable  economy  at  this  speed.  The 
machines  will,  however,  operate  at  other  speeds  higher  or  lower,  and 
will  give  a  fairly  good  economy  through  a  considerable  range  of 
speed.  I  cannot,  from  memory,  give  specific  data  on  this  subject. 
Such  machines  give  a  large  torque  at  low  speeds,  but  there  is,  of  course, 
a  very  rapid  reduction  of  efficiency  as  the  speed  is  reduced.  The 
normal  speeds  of  some  of  the  machines  which  I  have  mentioned  are 
as  follows:  5000  kw,  500  r.p.m.;  2000  kw,  750  r.p.m.;  1500  kw, 
900  r.p.m.;  500  kw,  1800  r.p.m.  All  of  these  speeds  are  fixed  by 
the  frequency  of  the  alternators  which  they  drive. 

All  of  the  machines,  which  have  been  described,  are  designed  for 
operation  with  condensers.  They  all  are  suitable  for  use  non-con- 
densing, and  it  may  be  roughly  estimated  that  their  steam  consump- 
tion non-condensing  would  be  about  twice  as  great  as  it  would  be 
with  a  good  vacuum.  It  is  hoped  that  better  non-condensing  results 
can  be  obtained  with  designs  made  particularly  for  that  purpose. 

WTien  these  machines  are  operated  with  superheat,  the  bearings 
are  in  no  way  affected  by  the  high  temperature;  the  bearings  being 
entirely  external  to  the  turbine. 

The  relative  economy  of  one  of  these  turbines  and  a  Corliss  engine 
may  be  judged  by  the  steam  consumption  figures  which  have  been 
given.  Much  of  the  advantage  of  the  turbine  in  this  respect  arises 
from  the  high  degree  of  expansion  which  can  be  pro\4ded  for  in  its 
design.  Under  conditions  which  are  ordinarily  practicable,  I  think 
that  the  turbines,  even  in  their  present  state  of  development,  are 
ver}'  decidedly  superior  to  Corliss  engines. 


Emmet — New  Steam  Turbine  Developments.  207 

There  is  no  appreciable  change  in  speed  of  turbine  when  the  machine 
passes  from  a  condensing  to  a  non-condensing  condition.  To  operate 
with  the  same  load  non-condensing,  it  must  open  more  admission 
valves;  consequently  the  range  of  speed  would  be  slightly  greater. 
As  our  machines  have  generally  been  built,  the  maximum  variation 
of  speed  non-condensing  would  not  exceed  3  per  cent. 

The  pressure  required  in  step-bearing  of  5000  kw  machine  is  about 
1000  pounds  per  square  inch,  and  that  in  500  kw  machine  is  about 
200  pounds  per  square  inch. 

The  clearance  between  moving  and  stationary  parts  in  the  four- 
stage  machine,  which  has  been  described,  is  about  0.05  of  an  inch. 
A  less  clearance  would  be  practicable,  but  w^ould  be  of  very  little 
advantage. 

The  effect  of  wear  upon  the  step-bearing  is  to  gradually  lower  the 
revolving  part.  In  the  500  kw  machines  with  which  we  have  ex- 
perimented, the  lowering,  after  the  lubricant  had  been  stopped,  went 
on  at  the  rate  of  about  0.01  of  an  inch  per  minute?.  In  no  case  has 
any  damage  been  done  through  the  failure  of  the  step-bearing  except 
the  wear  on  the  blocks  themselves,  which  involves  inappreciable 
expense.  As  a  rule,  it  is  not  necessar\^  even  to  re-surface  the  step- 
bearing  blocks  after  a  stoppage  has  occurred.  They  tend  to  w^ear  to 
a  proper  engagement,  and  if  they  do  not,  they  can  generally  be  made 
to  do  so  by  successive  short  interruptions  of  the  oil  pressure.  In 
properly  arranged  installations,  troubles  of  this  kind  can  easily  be 
avoided,  and  this  should,  of  course,  be  done  if  possible.  Weighted 
accumulators,  as  a  reserve  on  the  pumping  system,  are  ver}^  desirable 
in  this  connection. 

The  effect  of  nibbing,  between  the  moving  and  stationary-  parts  of 
these  machines,  causes  sui'tuiM'-v  {a  wi-tir  uwil-.  i;ta(lually,  IjiiI  *1iii*s  nnt 
cause  the  rapid  injury  which  might  Ik*  t'X|)ectrd.  In  many  cases, 
through  improper  arnmi^rincnts  or  inacTumcy  of  wnrk^  wt*  httvt*  Ijfid 
serious  and  repeated  ru  hi  ring,  hut  in  rui  casf*  has  this  put  a  manlune 
out  of  service  or  caused  any  serious  injury  to  it. 

The  smallest  machine  wliirli  wf  hwvo  built  i.s  of  l\  ^p"*  'y, 

designed  to  run  an  elect ri(*  headlight  on  a  locoiunti^*i&.  y  is 

5000  revolutions  per  mtjiule. 

The  packing  around  Ou^  sUtiH,  \v\vm*  it  pikt^nrin  f» 
ment  into  the  next,  in  our  t»xii^ti?ig  turlniK^si,  mii^ 
sleeve  which  gives  a  cofisickTiiblr  cit/aniufC  tkP% 
free  to  center  itself.     Tlu'  prc'E^wure  tcmdi*  10  hi 


208  Emmet — New  Steam  Turbine  Developments, 

position  to  which  the  shaft  may  force  it.  Since  the  sleeves  are  in- 
accessible, considerable  clearance  is  used,  that  there  will  be  no  risk 
of  cutting.  There  is,  of  course,  a  loss  through  the  leakage  of  steam 
past  these  sleeves.  This  loss  is,  however,  not  ver\'  great.  We  have 
used  successful  packings  which  give  much  less  leakage,  and  they  may  be 
regularly  adopted  in  future. 

There  is  no  lubricant  of  any  kind  used  in  connection  with  these 
packings,  and  since  the  bearings  are  external  to  the  turbine  base, 
there  is  no  means  by  which  oil  can  get  into  the  steam.  This  is  one  of 
the  greatest  advantages  of  our  turbine,  and  is  an  advantage  which 
has  not  been  fully  realized  in  turbines  of  other  makes.  In  mofit  of 
the  plants  which  we  have  installed,  water  is  being  returned  directly 
from  the  hot-well  to  the  boilers,  and  there  is  no  waste  of  water  or 
accumulation  of  dirt  or  scale  in  the  boilers. 

Mr.  Curtis  has  made  arrangements  for  reversing  turbines  of  thii? 
type  by  using  a  separate  set  of  buckets  on  the  same  w^heel  de6i^e<i 
to  receive  steam  from  an  opposite  direction.  These  reversing  buckets 
w^ould  ordinarily  be  applied  to  the  wheels  which  operated  in  the 
vacuum  space,  so  that  in  reversing,  the  machine  would  operate  as  a 
single-stage  condensing  machine. 

The  driving  power  of  the  turbine  is  confined  to  the  buckets  which 
come  opposite  to  the  nozzles  which  are  in  flow,  and  these  nozzles 
occupy  only  a  portion  of  the  circumference,  except  in  the  last  stage, 
where  they  generally  occupy  all  or  nearly  all  of  the  circumference. 
There  is  no  unbalancing  of  the  wheels  caused  by  the  deliver\'  of  steam 
to  one  segment  at  a  time. 

The  steam  required  to  drive  auxiliaries  will  depend  upon  local  con- 
ditions. In  the  5000  kw  installation  at  Chicago,  all  of  the  auxiliaries 
are  driven  by  a  single-cylinder  Corliss  engine,  and  this  engine 
delivers  70  indicated  horse-power  when  the  5000  kw  machine  is  run- 
ning at  full  load. 

I  cannot  give  any  definite  statement  as  to  the  degree  of  superheat 
which  may  be  economical.  I  am  inclined  to  think  that  where  super- 
heat is  provided  by  increased  heating  surface  in  the  boiler,  it  will  be 
found  economical  to  use  considerable  degrees  of  superheat,  possibly 
150.  I  will  have  much  more  information  on  this  subject  within  a 
short  time,  and  would  rather  not  express  a  positive  opinion  at  present. 
EveV}'  turbine  shows  a  different  degree  of  improvement  by  superheat. 
In  some  machines  the  advantage  is  undoubtedly  small,  while  hi  others 
it  is  certainly  ver\'  great. 
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We  have  built  a  ver\'  successful  direct-current  machine  for  our  500 
kw  turbine,  which  operates  at  1800  revolutions  per  minute.  This 
machine  is  of  a  ver>''  radical  type  and  its  success  shows  the  possibility 
of  much  other  work  in  the  same  direction.  I  cannot  say  just  what 
the  possibilities  are,  but  I  am  inclined  to  think  that  we  can  successfully 
apply  direct  current  machines  to  most  of  the  turbines  which  we  have 
built  for  alternating  work,  and  that  the  results  from  these  machines 
will  be  ver\^  satisfactorv. 
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ABSTRACT  OF  MINUTES  OF  THE  CLUB. 


Regular  Meeting,  January  2,  1904. — President  Edwin  F.  Smith  in  the 
chair.     Eighty  members  and  visitors  present. 

Announcement  was  made  that  Mr.  John  T.  Loomis  had  been  appointed  by 
the  Board  of  Directors  to  fill  tlie  unexpired  term  of  Mr.  D.  A.  Hegarty,  who 
resigned  from  the  Board  on  account  of  his  removal  to  New  York. 

Professor  Edgar  Marburg  opened  a  topical  discussion  on  "Concrete:  Its 
Properties  and  Applications,"  followed  by  Messrs.  Charles  M.  Mills  and  Henry 
H.  Quimby.  Communicated  discussions  were  presented  from  Messrs.  Georjre 
S.  Webster  and  Charles  H.  llmstead,  the  one  from  the  latter  not  being  read 
becaase  of  the  lateness  of  the  hour,  but  was  referred  to  the  Publication  Com- 
mittee for  printing. 

Annual  Meeting,  January  16,  1904. — President  Edwin  F.  Smith  in  the 
chair.     Eighty  members  and  visitors  present. 

The  annual  report  of  tlie  Board  of  Directors  and  that  of  the  Treasurer  ^rere 
presented,  accepted,  and  ordered  to  be  filed. 

The  Treasurer  reported  the  names  of  three  active  members  dropped  from 
the  rolls  for  arrears  in  dues  to  the  Club. 

Mr.  Edwin  F.  Smith,  retiring  President,  read  the  annual  address,  giving  a 
brief  r^sum^  of  the  progress  of  the  Club  during  the  past  year  and  "  Some  Eariy 
Engineering  Works  in  Pennsylvania.'' 

The  Tellers  reported  the  election  of  the  following  officers  for  1904 :  President, 
Carl  Hering;  Vice-President,  Thos.  C.  McBride;  Secretary,  J.  O.  Clarke;  Treas- 
urer, Geo.  T.  G William;  Directors,  George  C.  Davis,  Washington  Devereitx, 
and  Wm.  Easby,  Jr. 

Tlie  new  President,  Mr.  Carl  Hering,  called  attention  to  the  growth  in  at- 
tendance at  Club  meetings  and  the  necessity  for  more  room. 

Regular  Meeting,  February  6,  1904. — President  Carl  Hering  in  the  chair. 
One  hmidred  and  two  members  and  visitors  present. 

Mr.  John  M.  Hartman  presented  a  paper  entitled  *'  How  to  Bum  Bituminous 
Coal  Properly."  The  subject  was  discussed  by  Messrs.  Christie,  Perrot, 
Nichols,  and  Bright. 

Business  Meeting,  Februar>'  20,  1904. — President  Carl  Hering  in  the  chair. 
One  hundred  and  forty-six  members  and  visitors  present. 

Mr.  Emile  G.  Perrot  presented  a  paper  on  "  Reinforced  Concrete  in  Build^ig 
Construction." 

The  Tellers  reported  the  election  of  Messrs.  Frank  E.  Hahn  and  F.  H.  Stier 
to  active  membership,  Messrs.  Stanley  G.  Child,  St.  G.  H.  Cooke,  Thorsten  Y. 
Olsen,  and  Samuel  P.  Yeo  to  junior  membership,  and  Messrs.  C.  W.  Edmonds 
and  B.  H.  Tripp  to  a-^sociate  membership. 
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Regular  Meeting,  March  5,  1904. — President  Carl  Hering  in  the  chair. 
One  hundred  members  and  visitors  present. 

Dr.  Henry  Leflfmann  opened  a  topical  discussion  on  "Conflagrations  in  Cities," 
which  was  participated  in  by  Messrs.  WiUiam  McDevitt,  Furber,  James  Christie, 
Comfort,  Quimby,  Schumann,  and  others. 

Business  Meeting,  March  19,  1904. — President  Carl  Hering  in  the  chair. 
One  hundred  and  fifty-five  members  and  visitors  present. 

Announcement  was  made  that  the  American  Society  of  Civil  Fjigineers  ex- 
tended an  invitation  to  the  members  of  the  Club  to  avail  themselves  of  the  con- 
veniences to  be  provided  by  that  Society  at  the  St,  Louis  Exposition. 

Mr.  W.  L.  R.  Emmet,  visitor,  presented  a  paper  on  "  Recent  Turbine  Devel- 
opments.'' 

The  Tellers  reported  the  election  of  Messrs.  Frederick  Conlin,  Robert  C. 
Hill,  James  Beach  Ladd,  Edward  S.  Morrell,  John  Albert  Vogleson,  and  John 
William  Wright  to  active  membership,  and  Tliomas  Xorris  Box  to  junior  mem- 
bership. 


ABSTRACT  OF  MINUTES  OF  THE  BOARD  OF  DIRECTORS. 


Special  Meeting,  January'  2,  1904. — Present:  President  Edwin  F.  Smith, 
Vice-Presidents  Comfort  and  Foster,  Directors  Myers,  McBride,  Riegner,  Leiper, 
Bonner,  and  Loomis,  the  Secretary  and  the  Treasurer. 

The  Treasurer's  report  showed: 

Balance,  November  30,  1903, $748.79 

December  receipts, 1299.84 

$2048.63 
December  disbursements, 736.03 

Balance,  December  31,  1903,  $1312.60 

The  report  of  the  Executive  Committi^p  wtkH  atit?eptJ*il  ntld  QSj^gged.  prinliMl. 

The  Janitor's  salary  was  advan<(*il  from  $*I5  tn  $i7,||j(|^^  daliTitf 

from  January  1,  1904. 

Mr.  I.  W.  Hubbard  was  made  a  n-guiiir  tcUt*r  t<» 
bv  Mr.  John  T.  Loomis. 


Regular  Meeting,  January  16,  1904— Trc^piit- 
Vice-President  Comfort,  Directors  Kli  i^iti  r,  MrWHftii^; 
the  Secretary  and  the  Treasurer. 

A  letter  from  the  Girard  Estate  i»\pljjrri*Ml  thr  i 
rental  of  the  liouse  $161.00  on  account  ni  iht*rei!Msed, 
the  termination  of  the  present  lease,  J  ant?  iSO,  i 
$1261.00  per  year. 
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Letters  of  resignation  from  tlie  following  were  presented  aiitl  aoc-efvted: 
Messrs.  John  Ovem,  Conway  B.  Hunt,  John  C.  Xowell,  John  DeCiray.  \V.  I^. 
Wright,  Elmo  G.  Harris,  and  D.  J.  Matlack. 

Orgaxizatiox  Meeting,  January  23,  1904. — Present:  President  Curl  Her- 
ing,  Vice-Presidents  Foster  and  McBride,  Directors  Leiper,  Looinis,  I>avi>, 
Devereux,  and  Easby,  the  Secretary  and  the  Treasurer. 

The  President  announced  the  appointment  of  the  following  iMjinmittees: 
Finance,  Messrs.  Horatio  A.  Foster,  James  B.  Bonner,  George  C.  Davis;  .I/^-m  6«/- 
ship,  Mes.srs.  James  B.  Bonner,  Horatio  A.  Foster,  Wm.  Easby,  Jr.;  Pubi**a- 
tionj  Messrs.  Wm.  P^sby,  Jr.,  Thos.  C.  McBride,  James  B.  Bonner;  Lihta.y, 
Messrs.  Geo.  Neville  Leiper,  Washington  Devereux,  George  C.  Davi.5;  Inftfrmn- 
tion,  Messrs.  Tlios.  C.  McBride,  Wm.  ICasby,  Jr.,  John  T,  Loomis;  HoHi^\  Me^^o^ 
John  T.  Loomis,  Geo.  Neville  Leiper,  Washington  Devereux. 

Mr.  I'M  win  F.  Smith  was  appointed  a  member  of  the  Committee  on  Relatione 
of  the  Engineering  Profession  to  the  PubHc,  to  take  the  place  made  vacant  by 
Mr.  Hering. 

The  Tellers  of  Election  were  apjwinted  as  follows:  William  E.  Bradley, 
Chairman;  I.  Wendell  Hubbard,  Francis  Head,  H.  P.Cochrane,  Emile  CJ.  Perrot, 
and  .\lan  Corson. 

Auditors  for  1904:    Messrs.  Dallett,  Humphrey,  and  Spangler. 

Special  Meeting,  P^ebruarj'  6,  1904. — Present:  President  Carl  Heriiig. 
Vice-Presidents  Foster  and  McBride,  Directors  Bonner,  Leiper,  Loomis,  Davis, 
and  P^sby,  the  Secretary'  and  the  Treasurer. 

The  subject  of  pro|)osed  club  rooms  in  the  Witherspoon  Building  was  tiii*- 
cussed. 

Regular  Meeting,  Februar>'  20,  1904. — Present:  President  Carl  Hering. 
Vice-Presidents  Foster  and  McBride,  Directors  Bonner,  Leiper,  Loomis,  Davis, 
Devereux,  and  Easby,  the  Secretar>^  and  the  Treasurer. 

The  Treasurer's  report  showed: 

Balance,  Deceinl>er  31,  1903, $1312.60 

Januar>'  receipts, 1943.00 

$3255.60 

January  expenditunvs, 338.41 

Balance,  January  31,  1904, $2917.19 


The  Boston  Society  of  Civil  Engineers  wa**  added  to  the  list  of  clubs  and 
societies  exchanging  club  house  privileges. 

The  Secretary  wa.s  given  complete  authority  to  arrange  and  direct  the  work 
of  the  office  and  the  assistant,  so  as  to  expedite  the  business  of  the  Club. 

A  resolution  was  passtnl  that  it  is  the  sense  of  the  Board  that  discussions 
should  l)e  condensed  for  publication. 

The  arrangement  of  the  circular  notice  of  club  meetings  was  referred  to  the 
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Chairman  of  the  Publication  Committee  and  the  Secretary,  after  some  considera- 
tion of  the  form  of  notice. 

Tlie  President  was  authorized  to  appoint  a  Committee  on  New  Club  House, 
the  size  of  the  committee  being  left  to  liis  discretion. 

Tiie  resignation  of  Mr.  C.  F.  Moore  was  presented  and  accepted  as  of  December 
31,  1903. 

The  President  was  authorized  to  appoint  a  committee  to  take  charge  of  tlie 
advertising  of  the  Club. 

Regular  Meeting,  March  19,  19()4. — Present:  President  Hering,  Vice- 
Presidents  Foster  and  McHride,  Directors  Bonner,  Leiper,  Loomis,  Davis,  and 
Devereiix,  the  Secretary  and  the  Treasurer. 

The  President  announced  that  the  Committee  on  Advertising  would  consi.st 
of  the  Treasurer,  Chairman  of  the  Publication  Committee,  and  the  Secretary. 

The  Treasurer's  rej)ort  sliowed: 

Balance,  January  31,  1904, $2917.19 

February  receipts,    577.50 

$3494.69 
PVbruary  disbursements,..' 709.31 


$2785.38 


The  question  of  securing  members  of  the  American  Society  of  Civil  Engineers 
resident  in  Philadelphia  as  members  of  the  Club  was  referred  to  the  members 
of  that  Society  who  are  now  members  of  the  Club. 

An  appropriation  of  $200  was  made  to  the  House  Committee  with  directions 
to  proceed  at  once  with  propo.sed  changes  in  the  partitions  on  the  first  floor. 

The  President  was  authorized  to  appoint  a  committee  to  devise  ways  and 
means  by  which  the  Club  could  co-operate  in  the  movement  of  the  City  Parks 
and  other  allied  organizations  for  a  report  on  a  comprehensive  park  system  for 
Philadelphia,  the  chairmen  of  the  Information  and  Publication  Committees  to 
be  ma<ie  members  of  the  Committee. 

The  President  was  authorized  to  appoint  a  special  committee  on  infonnation 
which  is  to  make  the  Club  House  headquarters  where  all  visiting  engineers  may 
obtain  information  as  to  the  points  of  interest  in  the  city  and  a  list  of  manu- 
facturing establishments,  etc.,  which  may  be  vi^itr^L  iTic  J*n-Hiit*Mii  txM^  i^j.  ,k\- 
officio  meml>er  of  the  Committee. 

The  invitation  of  the  American  Society  of  C  u  il  Kni;ij|t**!r 
the  Club  to  avail  themselves  of  the  conveniences  to  L*  (*sUtblijii 
at  the  St.  Louis  Exi)osition  was  accepted!  and  dirivtrMl  tu 

A  request  that  meml)ers  of  the  Club  join  ihr  ImIl*: 
Congress,  to  be  held  in  St.  Louis,  was  directed  tn  U*  pr** 
the  next  business  meeting  and  sent  out  in  abstnif  t  n\  ihi*  i: 

The  resignation  of  Mr.  Walter  S.  Sheafer  wan  ut'tttplftL 
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From  I'niversity  of  Pexnsylvaxia. 
The  Provost's  Report,  August  31,  1903. 

From  State  Board  of  Health  of  M,\ssACHr setts. 
Thirty-fourth  Annual  Report,  1902. 

From  Commissioner  of  EorcATiox,  Washington,  D.  C. 
Annual  Reiwrt,  1902,  Vol.  II. 

From  Carl  Hering,  Philadelphia. 
Report  of  "  Dinner  to  John  Fritz,  October,  1902." 

From  George  W.  Rafter,  Rochester,  N.  Y. 
Report  of  the  State  Water  Storage  Commission,  New  York,  1903. 

From  University  of  Texas  Mineral  Survey. 
Report  of  Progress  for  the  Year  Ending  December  31,  1903. 

From  Bullock  Electric  Manufacturing  Co.,  Cincinnati,  Ohio. 
Relative    -\dvantages   of    Electrical   and    Mechanical    Metho<ls   of   Variable 
S|)eed  Control  for  (ieneral  Power  Sen-ice. 

From  William  Cooper,  Cincinnati,  Ohio. 
Methods  of  Si)eed  Control. 

From  John  Hirkinbine,  Philadelphia. 
The  Production  of  Iron  Ores  in  1902. 

From  University  of  Pennsylvania. 
Proceedings  of  University  Day,  February  22,  1904. 

From  Robert  G.  Dieck,  Manila,  P.  I. 
Rei)ort  of  the  Municipal  Hoard  of  the  City  of  Manila,  June  30,  1903 
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STANDING  COMMITTEES  OF  BOARD  OF  DIRECTORS 

Financ&-'B.ouATio  A.  Foster,  Jambs  B.  BoirirBK,  Gbosoe  C.  Davis. 
Membership— James  B.  Boknrb,  Hobatio  A.  Fostbb,  Wm.  Easbt,  Jb. 
Publication— Wu.  Easby,  Jb.,  Thos.  C.  McBbidb,  Jambs  B.  Bonnbb. 
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COMMITTEES  OF  THE  CLUB 
Rslations  of  the  Bnginsering  Profession  to  the  Public— Jowf  Bibkinbine,  Chairman. 


MEETINGS 

Annual  Meeting — 3d  Saturday  of  Janaary,  at  8  pm. 

Stated  Meetings — Ist  and  3d  Saturdays  of  each  mouthy  at  8  F« 

foorteenth  days  of  Jane  and  September. 
BuainesB  Meetings — When  required  by  the  Ccniatittition  or  Bj-J" 

by  the  President  or  the  Board  of  Director?,  or  on 

Active  Members  of  the  Clnb. 
The  Board  of  Directors  meets  on  the  3d  Saturday  of  m 

Angnst. 
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FAILURE  OF  OAKFORD  PARK  W\  ACROSS  BRUSH  CREEK  ^^ 
NEAR  JEANNETTE.  PENNSYLVANIA. 

HARRISON    SOUDER. 
B^'ad  April  3,  190!,. 

On  Sunday  afternoon,  July  5,  1903,  the  dam  across  Brush  Creek 
at  Oakford  Park,  about  one  mile  from' Jeannett<?  on  the  Pennsylvania 
Railroad,  was  washed  out,  causing  the  loss  of  twenty  lives  at  Jean- 
nette,  Greensburgh,  Manor,  Penn,  and  Irwin,  small  towns  below. 
At  the  time  of  my  inspection  on  July  12th,  the  condition  of  the  wrecked 
dam  was  practically  unchanged. 

An  employee  of  the  traction  company  that  owned  the  park,  who 
was  an  eye-witness  of  the  catastrophe,  stated  that  there  were  two 
heavy  downpours,  or  "water-spouts"  as  he  called  them:  the  first,  at 
four  o^clock,  caused  the  water  to  rise  rapidly  in  the  reservoir  and 
overflow  the  dam.  The  watchman  immediately  opened  the  twenty- 
four  inch  drain-pipe  and  then  warned  the  many  visitors  in  the  park 
of  their  danger  and  tried  to  get  them  to  leave.  Then  came  the  second 
cloud-burst  which  finally  carried  the  dam  away  at  about  half  past  four 
o'clock.  The  water  was  running  over  the  dam  fully  twenty  minutes 
before  it  broke,  it  was  stated,  and  an  inspection  of  the  dam  on  July 
12th,  would  indicate  that  this  was  so. 
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The  dam  was  an  earth  structure,  three  hundred  and  twenty-one 
feet  long  and  fourteen  and  one-half  feet  wide  on  the  top.     Both  slopes 


were  one  on  two  and  were  paved  with  flat  nibble  stones  averaging 
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four  inches  thick,  twelve  to  twenty-four  inches  long,  and  twekce^ches 
deep,  laid  on  edge.  The  paving  on  the  slopes  was  laid  dry.  The  dam 
was  approximately  twenty-five  feet  high  above  the  bed  of  Brush 
Creek;  the  reser\^oir  being  one  thousand  feet  long  and  covering  an 
area  of  some  six  acres,  with  a  maximum  depth  of  water  of  twenty 
feet.  A  plan,  elevation  and  cross-section,  are  shown  in  Fig.  1,  the 
position  of  the  breach  being  shown  in  broken  line  . 

The  break  in  the  dam  extends  from  the  spillway  retaining  wall  to 
a  point,  C,  eighty-five  feet  to  the  left.  The  maximum  cut  is  ten  feet 
wide  at  the  bottom  and  thirty-five  feet  at  half  the  height  of  the  em- 
bankment, and  occurs  at  the  old  creek  channel.  From  this  point  to 
the  spillway  wall  a  portion  of  the  inner  slope  of  the  embankment 
remains. 

The  maximum  cross-section  at  the  creek  bed  appears  in  Fig.  1. 
This  shows  a  rubble  masonry  wall  two  feet  thick  of  small  stones  in 
cement  mortar  of  poor  quality,  which  was  built  across  the  old  creek 
bed  only,  about  twelve  feet  up-stream  from  the  center  line  of  the  dam, 
and  is  carried  up  to  the  top  of  the  creek  banks  only.  This  wall  was 
breached.  The  presence  of  many  roots  "  in  place,''  where  the  natural 
surface  is  exposed,  would  indicate  that  the  original  surface  was  not 
stripped  clean,  if  at  all. 

The  embankment  was  built  of  eight-inch  layers  of  clayey  loam, 
black  soil,  and  gravel,  and  was  hard  and  compact,  the  lower  face  where 
cut  out  by  the  overfall  of  water  standing  almost  vertical.  There  was 
no  core  wall  or  puddle  lining.  Fig.  2  is  a  view  of  the  embankment  at 
the  point  of  maximum  cutting,  and  shows  also  the  construction  in 
layers. 

The  spillway,  three  feet  deep  and  twenty-five  feet  wide,  was  mostly 
cut  out  of  a  hard,  solid  sandstone  ledge.  A  heavy  masonry  retaining 
wall  founded  on  rock  separated  the  spillway  from  the  earthwork. 
The  inner  approach  to  the  spillway,  next  the  wall,  was  paved  with 
stone  in  cement,  the  grade  being  eight  inches  in  six  feet.  This  paving 
was  undermined,  forming  a  cave  between  the  wall  and  the  rock,  some 
eight  feet  wide  and  three  feet  high,  from  which  the  earth  had  been 
washed  (see  Fig.  3),  exposing  a  masonrj^  wall  extending  across  the  spill- 
way from  the  retaining  wall  to  the  rock  ledge.  The  spillway  crest  is  level, 
three  feet  wide,  and  formed  of  large  cut  stones.  The  fall  away  from 
the  crest  is  cut  out  of  the  rock  in  nine-inch  steps  at  the  top,  growing 
larger  at  the  bottom,  the  average  slope  being  about  forty-five  degrees. 

The  retaining  wall  is  two  and  one-half  feet  wide  on  top,  increasing 
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to  five  feet  at  fourteen  and  eight-tenths  feet  down ;  where  it  is  benched 
to  eleven  feet  in  width.  There  was  no  attempt  at  a  baffle  wall,  except 
a  meager  one  at  the  top,  to  break  the  smooth  bond  between  the  ma- 
sonry and  the  earth  embankment.  The  smooth  character  of  this  wall 
is  showTi  in  Fig.  3. 

The  water  first  began  to  run  over  the  dam  at  point  A,  Fig.  1,  where 
a  slight  depression  was  formed  by  a  path  on  the  natural  ground.  The 
water  overflowing  increased  in  depth,  finally  washing  away  all  the 
outer  slope  paving,  and  must  have  continued  to  flow  over  the  entire 


Fig.  3. 


length  of  the  dam  for  some  time,  as  evidenced  by  the  cutting  out  of 
the  earth  slope  to  a  depth  of  six  or  eight  feet,  leaving  it  standing  nearly 
vertical,  as  shown  in  sketch  and  photographs. 

AVhile  reports  state  that  the  water  was  ten  feet  or  more  in  depth 
on  the  breast,  this  was  not  possible.  This  amount  of  water  would 
have  carried  away  the  dancing  pavilion  and  soda-water  stand  im- 
mediately below  the  dam ;  while,  as  a  matter  of  fact,  it  did  them  no 
great  damage.  An  electric  light  pole  at  B,  Fig.  1,  right  on  the  crest 
of  the  dam,  was  not  carried  away.     A  tree  with  its  roots,  at  A,  and 
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the  drift,  possibly  four  feet  high,  around  the  electric  light  pole,  at  B. 
would  indicate  a  probable  maximum  depth  of  three  feet,  and  not  jx*s- 
sibly  over  five  feet,  on  the  crest. 

All  accounts  seem  to  agree  that  the  first  break  began  at  the  spillway 
wall,  which  is  most  probable,  and  extended  rapidly  until  the  break 
reached  a  width  of  eighty-five  feet,  as  sho\^Ti  in  Fig.  1. 

The  coroner's  jury  rendered  a  verdict  to  the  effect  that  those  that 
lost  their  lives  in  the  vicinity  of  Oakford  Park  on  July  5th.  came 
to  their  deaths  through  "an  unusual  downpour  of  rain'*;  except  one 
person  electrocuted  by  grasping  a  live  wire.  The  jur>'  seemed  satis- 
fied that  the  fatalities  were  not  directly  due  to  the  breaking  of  the 
dam. 

The  spillway  was  three  feet  by  twenty-five  feet,  with  an  area  of 
seventy-five  square  feet.     If  we  assume  the  depth  of  water  on  the 
crest  of  the  dam  to  have  been  three  feet,  the  total  sectional  area  of 
water  flowing  over  it  was  1125  square  feet:    Using  Francis'  formula 
for    discharge    over    wide-crested   wiers,   Q  —  3.012  L  H^  ^,     which 
would  nearly  apply  to  this  case,  we  have  a  discharge  of  6462  cubic 
feet  per  second.     The  drainage  area  was  approximately  six  square 
miles,  giving  a  discharge  of  1077  cubic  feet  per  second,  per  square 
mile.     At  the  coroner's  investigation  it  was  stated  that  5i  inches  of 
rain  fell  in  the  neighborhood  of  the  dam  on  the  afternoon  of  the  flood ; 
it  was  also  showTi  that  the  dam  did  not  break  until  fully  two  hours  after 
the  rain  began  to  fall.     A  rainfall  of  5i  inches  on  six  square  miles  is 
equivalent  to  7,866,936  cubic  feet  of  water  ~  1092  cubic  feet  per 
second  =  182  cubic  feet  per  second  per  square  mile.     It  is  probable 
that  the  greater  part  of  this  rain  came  down  in  a  brief  period  of  time 
— less  than  an  hour — and  the  maximum  flow  over  the  dam  lasted  but 
a  short  time ;  it  would  also  indicate  that  it  is  hardly  probable  that  the 
depth  of  water  on  the  crest  of  the  dam  exceeded  three  feet. 
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Fanning' s  formula,  Q  ~  -        '     --   cubic  feet  per  second  per  square 

mile,  gives  162  cubic  feet  per  second  per  square  mile.  The  spillway 
running  full,  level  with  crest  of  the  dam,  discharged  but  131  cubic 
feet  per  second  per  square  mile,  so  that  the  spillway  was  not  even 
large  enough  for  average  flood  conditions. 

It  Ls  my  opinion  that  uch  a  storm  as  this  cannot  be  taken  care  of  by 
the  spillways  provided  in  common  practice,  especially  for  small  dams 
with  small  drainage  areas.  Small  dams  provide  comparatively  little 
storage  room,  and  the  drainage  area  being  so  small,  the  great  local 
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downpours  have  no  chance  to  spread  and  their  effect  is  quickly  felt 
at  the  dam. 

Such  dams  should  be  of  timber  or  masonrj'  and  provided  with  a 
roll-way,  or  apron,  so  that  they  can  discharge  water  over  their  entire 
length.  If  they  are  built  of  earth,  then  an  extra  large  spillway,  more 
than  sufficient  to  carry  the  greatest  known  floods,  should  be  provided, 
and  a  substantial  core  wall  built  the  entire  length  of  the  dam  and  well 
into  the  hills  on  either  side,  and  extended  up  at  least  to  the  spillway 
crest  elevation  and  down  into  hard  bottom. 

A  suitable  masonry  core  in  this  dam,  acting  a^  a  retaining  wall, 
would  possibly  have  saved  the  great  loss  of  life  and  property. 

A  small  earth  mill  dam  some  ten  feet  high,  in  the  neighborhood  of 
Jeannette,  which  had  a  masonry  core  wall,  was  overflowed  by  the  same 
storm.  The  wall  and  inner  embankment  remained  intact,  while  all 
the  earth  behind  the  wall  was  washed  away. 

The  flood  wave,  rolling  down  the  Brush  Creek  valley  after  the  dam 
gave  way,  swept  all  the  frame  buildings  in  its  path,  overturned  several 
trolley  cars  and  broke  down  the  brick  wall  at  the  end  of  the  car  bam. 
One  of  the  trolley  cars,  full  of  people,  was  standing  on  a  small  stringer 
bridge  over  Brush  Creek  at  the  car  bam,  fifteen  hundred  feet  below  the 
dam.  The  greatest  loss  of  life  was  caused  by  the  overtuming  of  this 
car. 

The  wreckage  was  carried  down  stream  to  the  high  embankment  of 
the  Pennsylvania  Railroad,  hindering  the  discharge  of  water  through 
the  masonr>'  arch  of  twenty  feet  span  and  217  square  feet  area  of 
opening.  The  water  rose  against  the  embankment  approximately 
thirty-five  feet,  forming  a  pool  of  probably  twenty  acres  in  extent,  and 
lifted  barns  and  houses  from  their  foundations.  The  velocity  of  the 
water  shooting  out  from  the  lower  side  of  the  stone  arch  under  a  head, 
tore  away  the  solid  masonr>'  arch  rings  for  some  fifteen  feet  or  more, 
along  with  the  earth  fill ;  leaving  one  of  the  railroad  tracks  suspended 
in  the  air. 


Discrssiox. 

Edwin  F.  Smith. — Mr.  Souder  has  called  our  attention  to  the  hiti^skUt 
providing  spillways.  That  is  one  of  the  essentials  in  building  an  fiiritif-n 
mound  dam;  too  much  attention  cannot  be  given  to  it.  The  spillwuvN  sho 
if  possible,  be  so  designed  that  with  a  maximum  flood  there  will  not  br  ti  ifrf 
depth  of  water  than  three  and  a  half  feet  passing  over  it,  and  the  f*inlinnkJi| 
should  be  raised  at  least  eighteen  inches  above  the  height  of  t\w  tiuixiii 
flood.      An  embankment  only  two  and  a  half  feet  higher  than  the  li  \i  I  nf 
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spillway,  on  such  a  stream  is  a  toy  and  may  bring  about  disastrous  resultf^,  a^ 
the  one  under  consideration  did.  It  should  be  designed  to  pass  with  safety. 
the  maximum  discharge  that  may  be  expected,  under  any  conditions,  from  tbe 
particular  drainage  area  with  which  we  are  dealing. 

Now,  as  to  core-walls,  there  are  many  earthen  dams  built  without  core-wmlls, 
many  of  them  being  constructed  before  there  was  any  such  tool  as  a  grooved 
roller.  I  do  not  like  to  use  a  grooved  roller,  or  any  device  that  will  brinf^  about 
such  treatment  of  an  embankment,  intended  to  hold  water,  as  is  indicated  in 
the  well-defined  layers  shown  in  the  illustrations  on  the  screen.  All  such  em- 
bankments should  be  made  as  nearly  as  possible  homogeneous,  either  by  tamping 
or  careful  rolling.  The  material  should  be  thinly  spread  and  kept  sufficient  hr 
wet  to  insure  packing,  when  put  to  place  by  tamping  or  rolling.  There  is  too 
much  disposition,  in  re8er\'oir  specifications,  to  define  the  thickness  of  layers 
and  to  educate  the  contractor  or  builder  into  the  making  of  well-defined  layers 
It  is  a  quick  and  less  expensive  mode  of  construction  than  that  which  I  have 
indicated,  but  in  many  cases  it  does  not  result  in  good  work. 

The  practice  in  India  was  to  tamp  the  moistened  material  into  place  by  noen 
tramping  over  it  with  their  feet,  and  another  way  was  by  driving  cattle  over 
it,  thus  making  it  a  homogeneous  mass.  On  those  works,  some  of  which  are  of 
great  age,  they  did  not  use  rollers. 

Another  thing  which  impresses  me  is  the  condition  of  the  wing-wall  of  the 
spillway.  That  certainly  was  not  a  good  piece  of  work.  There  is  no  evidence 
whatever  of  any  cut-off  walls  or  any  devices  for  preventing  the  water  from 
following  the  wall  where  it  joins  the  embankment.  There  should  always  be  at 
least  two  cut-offs  introduced  between  the  backing  of  the  wall  and  the  embank- 
ment, and  the  earthwork  should  be  more  carefully  tamped  around  these  cut-off 
walls  than  anywhere  else.  That  is  important,  because  we  must  expect  that 
water  will  seek  the  easiest  channel  and  endeavor  to  get  through  any  sjjace. 
however  small,  between  a  wall  and  an  embankment. 

There  is  no  doubt  that  in  the  Jeannette  Dam  the  water  found  its  way  throu^rh 
at  that  point.  Again,  there  is  no  e\'idence  of  any  attempt  to  prevent  leakage 
under  the  embankment,  except  in  the  building  of  the  small  baffle  wall  across 
the  creek.  It  would  have  been  better,  if  before  the  building  of  the  embankment, 
a  deep  trench  had  been  excavated  across  the  valley  and  that  had  been  well 
puddled  in.  For  a  dam  of  moderate  height  this  would  have  answered  all  the 
purposes  of  a  core- wall,  but  the  work  must  be  well  done. 

I  think  it  may  fairly  be  said,  in  conclusion,  that  the  prominent  weaknesses 
of  the  Jeannette  reservoir  were: 

1.  The  failure  to  provide  sufficient  area  of  spillway. 

2.  The  insuflScient  height  of  embankment  above  the  level  of  the  spillway. 

3.  The  making  of  the  embankment  in  well-defined  layers. 

4.  The  failure  to  introduce  ** cut-off*'  walls  into  the  masonry,  and  especially 
the  walls  of  the  spillway. 

Mr.  Souder. — I  agree  with  Mr.  Smith  that  an  earth  dam  should  not  be 
built  in  continuous  horizontal  layers  running  through  the  embankment.  It  is 
the  usual  method,  but  not  a  good  one.  There  are  several  ways  of  breaking 
the  continuity  of  the  layers.  It  seems  to  me  the  method  of  tamping  and  com- 
pacting i^ith  the  feet  is  rather  slow  and  ancient.     Good  work  has  been  done 
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in  that  way,  but  it  takes  a  much  longer  time  for  the  embankment  to  settle 
than  if  the  earth  is  rolled  uniformly  while  building.  With  the  grooved  roller 
breaking  the  layers,  I  think  you  can  get  very  good  work,  if  the  earth  is  well  wetted 
as  you  put  the  layers  on,  and  I  do  not  think  there  will  be  much  danger  of  the 
water  seeping  through.  The  weight  of  the  roller  used  is  an  important  feature 
which  has  not  been  touched  upon  to-night.  I  prefer  the  heavy  steam-roller, 
say  8  tons,  for  embankment  work.  You  can  do  quicker  work  with  a  heavy 
steam-roller  than  with  a  light  one,  provided  the  other  conditions  are  favorable. 
A  light  horse-roller  should  be  kept  on  hand  for  use  after  rainy  weather  when 
the  earth  is  soggy. 

At  Johnstown  on  the  large  Hinckston  River  Dam,  of  which  the  writer  had 
charge,  good  work  was  done  with  a  10-ton  steam-roller,  the  front  roller  being 
grooved,  the  rear  roller  wheels  being  smooth  but  studded  with  spikes.  A  3-ton 
horse-roller  was  also  in  use  on  this  work.  For  tamping  puddle  clay  along  the 
concrete  core-wall  pneumatic  tampers  under  60  pounds  pressure  were  used. 

Mr.  Smith. — I  do  not  want  to  be  misunderstood  about  the  use  of  a  grooved 
roller.  The  practice  is  to  rely  too  much  upon  a  six  or  eight-inch  layer  and 
then  roll  it  down  with  a  grooved  roller.  It  is  not  good  practice  to  construct 
reservoir  embankments  in  rolled  layers.  The  effort,  on  the  contrary,  should  be 
to  make  a  homogeneous  embankment,  without  layers,  and  this  can  be  done  if 
the  material  is  properly  spread  and  worked.  What  I  want  to  discourage  is  the 
system  of  carting  in  the  material  and  spreading  it  in  as  heavy  a  layer  as  eight 
inches,  and  then,  by  the  use  of  a  grooved  roller,  compacting  it,  and  in  that 
way  building  up  a  succession  of  such  layers. 

John  Birkinbine. — When  the  dam,  which  has  been  described,  gave  way, 
I  had  under  construction  five  earthen  and  one  masonry  dam,  and  as  two  of 
these   earthen    dams   were   in   the  same  general    territory   as   the  destroyed 
structure,  I  naturally  desired  to  be  posted  as  to  the  conditions  which  brought 
about   the   failure  of   this  dam,  because,  although   it  was  small   and  drained 
a  limited  area,  it  has  its  lessons.     Mr.  Souder's  investigations  were  unfortunately 
handicap[>ed   by   the    fact   that   subsequent   to    the   dam    being   destroyed    a 
continued   heavy    rain   washed    away    many   of   the  high-water  marks  which 
otherwise  would  have  given  definite  heights,  etc.      I   obtained  from  another 
engineer  who  investigated  the  disaster,  his  records  and  photographs,  and  also 
conferred  with  a  man  who  lived  in  the  vicinity,  and  who  intelligently  noted 
the  conditions  which  prevailed.     From  the  various  reports  I  am  convinced  that 
one  of  those  locally  severe  storms,  which  we  must  provide  for,  caused  the  disaster. 
In  constructing  dams  or  reservoirs  two  conditions  must  be  anticipated,  either 
of  which  may  arise  but  once  in  a  lifetime,  and  we  must  construct  the  dams,  if 
they  are  to  last,  with  these  conditions  in  view.     One  ni   rln-  ecuHlUi-me  ia^ft 
continuous  rainfall  for  a  number  of  days,  but  the  amoiitvt  of  rftin  rjrpo' 
a  short  interval  not  being  phenomenal.     The  Johnstown  diMiiiiTrr  In  l^Sf 
from  a  continued  rain  for  three  days,  during  which  the  totiit  priH^ipitatio 
double  that  which  fell  on  a  portion  of  Philadelphia  in  an  lunir  mid  fciit| 
We  had  five  and  four-tenths  inches  of  rain  in  this  brief   j»rrir*d.  wj 
time  of  the  destruction  of  Johnstown  the  highest  record  Un-  [uiy  pm* 
sylvania  was  between  nine  and  ten  inches  deposited  in  three  d^y*^  i 
on  the  eastern  slope  and  not  the  western  slope  of  the  Ali*^i5hi*n 
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condition  which  we  must  anticipate  is  a  local  severe  downpour,  such  aa  biou|d>i 
about  the  disaster  under  discussion.  Fortunately  meteorological  conditions  do 
not  appear  to  make  possible  such  phenomenal  deposits  of  rain  over  larige  aresA. 
Nearly  simultaneously  with  the  disaster  at  Jeannette  I  had  recommended  a  tibeni 
spillway  for  a  storage  dam  in  Colorado,  which  drains  a  limited  area.  We  do 
not  know  just  how  much,  because  the  watershed  is  among  the  peaks  of  the 
Rocky  Mountains.  The  water  surface  of  this  dam  is  9800  feet  above  aea-leveL 
and  the  storage  is  6500  million  gallons.  I  was  stud3ring  the  conditions  of  poflsible 
freshets,  in  connection  with  an  ample  spillway.  The  dimensions  suggested  w«re 
considered  unnecessarily  large  by  the  engineer  who  had  the  construcCuMi  ia 
hand  and  by  others  connected  with  the  State  department.  While  letters  upon 
this  subject  were  passing  a  local  storm  occurred  between  Colorado  Springs  and 
Pueblo.  A  stream  called  ''The  Fountain,''  which  heads  up  near  Pike's  Peak,  has 
ordinarily  a  dry  bed.  One  afternoon  there  was  a  summer  shower  in  Pueblo  and 
also  a  similar  one  in  Colorado  Springs,  thirty-five  miles  distant.  Between  these 
a  cloud-burst  occurred,  and  the  little  Fountain  was  turned  into  a  racing  river, 
which  broke  all  railway  conununication  between  Colorado  Springs  and  Puebb 
for  several  days  and  washed  away  buildings  and  bridges.  Near  the  city  of  Puebfe 
is  another  stream.  Rock  Run;  ordinarily,  if  you  need  a  drink  of  water,  you  muA 
go  elsewhere;  but  I  noted  marks  of  a  freshet,  which  came  down  that  creek. 
fuUy  thirty  feet  deep  and  five  hundred  feet  in  width,  and  great  rocks  weigh- 
ing five  or  six  tons  must  have  been  moved  a  half  mile  or  more.  That  stream 
obtained  the  volume  of  water  from  a  prairie,  on  which  one  sees  no  decli^nty. 
to  indicate  which  way  the  water  runs.  But  every  cactus  bush  had  grasped 
around  its  roots  the  remains  of  the  Russian  thistle,  showing  that  a  decided 
current  had  passed  over  the  plain;  and  yet  adjacent  streams  had  no  freshet 
of  any  account.  These  local  freshets  encouraged  the  adoption  of  the  liberal 
spillway  capacity  recommended. 

Following  the  Jeannette  disaster,  I  had  the  calculations  for  all  s(>illwaTs. 
which  we  had  in  hand,  examined  with  the  idea  of  correcting  any  possible  errors. 

I  endeavored  to  obtain  records  from  the  United  States  Weather  Bureau,  but 
found  nothing  in  the  immediate  \'icinity  of  Jeannette.  The  nearest  of  the 
neighboring  records  taken  by  the  Weather  Bureau  showed  a  contemporaneous 
rainfall  of  one  inch  or  less.  This  indicates  a  local  severe  storm.  The  statement 
was  made  that  at  one  house,  well  in  the  center  of  the  drainage  area  of  Brush 
Creek,  a  crock  ten  inches  high  standing  outside  the  house  was  filled  by  the 
rain.  In  a  part  of  Iowa  where  much  of  the  Chicago,  Burlington  and  Quincey 
Railroad  was  washed  out,  it  was  claimed  that  fourteen  inches  of  rain  fell  in  a 
day.  This  was  a  great  storm — fourteen  inches;  but  we  had  five  and  four-tenth* 
inches  in  an  hour  and  forty  minutes  in  our  own  city.  Mr.  Codman  has  ^ven 
to  you  the  records  of  that  very  interesting  storm,  but  some  of  the  later  ones 
may  have  taken  away  its  laurels. 

These  are  the  two  conditions  to  be  met,  and  our  spillways  or  overflow  dams 
are  not  to  be  erected  merely  for  the  ordinary  freshet :  we  must  proportion  them 
to  take  care  of  the  volume  of  water  which  may  come  but  once  in  a  lifetime. 
We  must  either  build  dams  to  take  water  over  the  crest,  or  vent  the  maximum 
discharge  past  the  structure  by  means  of  spillways  of  ample  size.  The  masonry 
dam  I  had  under  construction  drained  an  area  smaller  than  that  which  has 
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been  mentioned  for  the  Jeannette  dam.  It  has  a  crest  130  feet  wide,  over  which 
water  can  flow  to  a  depth  of  4^  feet.  Possibly  the  failure  of  some  masonry 
dazns  has  been  due  to  the  fact  that  proper  consideration  was  not  given  to  pro., 
portioning  them  to  the  velocity  of  the  water  passing  over  the  crest.  We  make 
what  we  call  an  ogee  on  the  down-stream  face,  on  the  theory  that  a  certain 
amount  of  water  will  go  over  a  dam  built  amply  strong  to  sustain  any  weight 
behind  it.  A  reason  for  failure  of  dams  similar  in  design  to  that  at  Austin, 
Texas,  may  be  found  in  the  high  velocity  due  to  abnormal  volumes  in  times 
of  freshet,  which  carries  the  water  clear  of  the  crest,  allowing  it  to  fall  upon 
the  lower  part  of  the  ogee,  or  upon  the  apron,  with  terrific  force. 

I  agree  with  Mr.  Smith  that  embankments  in  layers  are  not  desirable,  and 
I  never  used  the  word  "layer"  in  specifications.  But  I  do  not  agree  with  Mr. 
Smith's  objections  to  grooved  rollers.  I  prefer  them,  and  think  that  their  use 
secures  a  homogeneous  bank.  To  use  cattle  is  the  worst  thing  for  a  bank, 
for  the  animals  deposit  on  it  foreign  material.  In  the  construction  of  earthen 
reservoirs  we  provide  boys  to  follow  the  horses  and  pick  up  all  droppings.  We 
provide  that  the  material  shall  be  thinly  scattered,  and  that  the  roller  shall 
constantly  traverse  it.  We  require  selected  material  well  compact  for  the  inner 
portion,  and  equally  well  rolled  material  for  the  outer  portion. 

As  to  core-walls:  If  a  reservoir  is  tight  on  the  inner  portion,  we  may  say 
frankly,  what  is  the  use  of  a  core- wall?  and  if  the  core- wall  is  to  be  the  water- 
tight face,  what  is  the  use  of  the  interior  portion  of  the  embankment?    Core- 
walls  serve  a  very  good  purpose,  as  a  barrier  against  any  possible  leakage  in 
the  earthen  embankment,  but  I  would  not  design  a  core- wall  as  part  of  an 
embankment  unless  I  could  put  backing  enough  behind  it,  which,  added  to  its 
own  weight,  would  stand  any  anticipated  pressure.     In  the  construction  of  the 
reservoir  in  which  Mr.  Souder  has  been  associated  with  me,  we  are  using   a 
concrete  core-wall  and  backing  it  up  thoroughly  on  both  the  inside  and   the 
outside.     The  core-wall  extends  for  two-thirds  of  the  vertical  height  of  the 
embankment,  and  it  will  8er\'e  its  purpose,  but  I  never  expect  any  considerable 
amount  of  water  to  reach  it.     It  is  there  as  a  safeguard  against  accident.     I 
have  two  dams  under  construction  near  Johnstown,  Pa.     The  dam  just  described 
will  hold  over  eleven  hundred  million  gallons;  the  other  about  three  hundred  mil- 
lion gallons.  Naturally  a  community  which  has  suflfered,  as  Johnstown  did,  is  criti- 
cal as  to  any  artificial  construction  to  store  water,  and  yet  the  South  Fork  Dam, 
an  earthen  structure,  did  not  fail  until  water  had  poured  over  the  top  of  it 
for  three-quarters  of  an  hour.     The  destruction  of  life  and  pro{>erty  was  pri- 
marily due  to  the  fact  that  before  the  dam  gave  way  Johnstown  was  under 
five  feet  of  water,  and  people  who  wanted  to,  could  not  Ivuvv  Thi'ii'  homf^~ 
That  dam,  except  for  the  portion  which  has  been  cut  away,  is  to-drtv  uti  wlii 
of  what  an  earthen  embankment  can  be  expected  to  stand      Hno  dmo 
building  drains  about  six  square  miles;    the  spillway  providt'^l  i^  t'Ciriill 
with  concrete,  but  a  wing-wall,  as  a  continuation,  is  carried  iritci  tht;  a 
ground,  and  the  surface  leveled  off,  so  that  the  length  of  the  crest  is  f.hrp* 
that  of  the  spillway  proper.     This  extension  being  several  fr^i    hi^Jit*t 
the  spillway,  will  never  come  into  service  until  the  water  is  li'i^':li  i  tkiuj^Ii 
the  spillway  and  then  pass  over  this  additional  wing- wall.     Th*'  ol  ijrit  ttin 
a  spillway  in  earth  encourages  vegetable  growths  which  clog  it.     It  ttt  ; 
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to  thoroughly  salt  the  exposed  portion  of  earth  excavation,  and  resalt  h  r 
future  at  such  intervals  as  may  app>ear  best.  If  the  vegetation  is  allowed  ti 
grow  up  it  may  become  an  artificial  dam,  and  the  spillway  is  of  practicalh 
little  use. 

John  E.  Codman. — I  can  give  statistics  relating  to  the  run-oflf  of  stream? 
only  so  far  as  I  can  recall  from  memory.  On  the  Perkiomen,  which  has  a  wai^- 
shed  of  152  square  miles,  the  greatest  amount  of  run-off  is  about  110  cat^ 
feet  jjer  second  {>er  square  mile,  continuing  probably  from  fifteen  to  twenty 
minutes.  On  the  water-shed  of  the  Neshaminy — 139  square  miles — the  flow-of 
is  pretty  nearly  the  same.  The  great  storm  which  occurred  in  October,  19ttj. 
when  we  had  the  greatest  freshet  known  on  the  Delaware,  gave  a  precipitatioB. 
in  some  places  in  the  Delaware  valley,  of  from  six  to  seven  inches  in  thirty-«iT 
hours,  and  the  amount  of  flow-off  did  not  reach  quite  100  cubic  feet  per  second 
per  square  mile  for  the  small  streams.  On  the  Schuylkill,  the  record,  I  thinks  wa? 
about  82  cubic  feet  per  second  per  square  mile.  The  small  streams  with  water- 
sheds running  from  100  to  150  square  miles,  with  heavy  rains  and  frozen  ground 
will  reach  their  maximum  in  a  very  short  time;  the  flow  reaching  a  maximum  il 
about  eight  to  ten  hours.  In  making  computations  for  the  size  of  the  spillway 
for  small  streams,  there  must  be  some  provision  made  for  the  sudden  run-c^. 
It  does  not  remain  for  a  great  length  of  time;  but  when  it  does  come,  the  >-atfr 
amount  of  water  must  be  provided  for.  If  the  spillway  is  not  large  enough,  as 
in  the  case  at  Johnstown,  of  course,  the  flow  is  over  the  top  of  the  bank. 

J.  W.  Ledoux. — According  to  my  memory,  at  Kittanning  Point  on  BurgoooV 
Run  during  the  rain-storm  that  caused  the  Johnstown  flood  there  was  a  flow 
of  water  over  the  embankment  and  spillway  corresponding  to  at  least  400  cubic 
feet  per  second  per  square  mile.  The  drainage  area  above  this  reservoir  is  6 
square  miles  and  the  watershed  is  almost  entirely  covered  with  woods.  The 
embankment  is  about  900  feet  long  and  the  spillway  on  the  south  end  is  34  ieei 
long  and  5  feet  3  inches  high;  the  section  of  the  crest  being  curved  down-stream 
in  the  form  of  a  parabola.  The  dam  is  entirely  of  earth,  with  a  three  to  one 
slope  up  stream  and  two  to  one  slope  down  stream,  both  slopes  being  co>-erfd 
with  12  inches  of  rip-rap  with  the  surface  broken  to  about  3  inches  in  size 
The  embankment  was  built  of  earth,  using  a  sprinkler  and  a  grooved  roWer, 
the  layers  being  deposited  not  to  exceed  6  inches  in  thickness. 

The  water  ran  over  the  earth  dam  for  several  hours,  the  maximum  depth 
being  12  inches,  which  gave  a  depth  over  the  spillway  of  6  feet  3  inchcf^. 
The  earth  embankment  suffered  no  material  damage.  I  beUeve  the  rainfall  at 
Altoona,  six  miles  distant,  was  reported  to  be  about  eight  inches  in  twenty-four 
hours. 

Mr.  Birkinbine. — The  Commission  which  reported  to  the  American  Society 
of  Civil  Engineers  fixed  the  maximum  run-off  during  the  flood  at  the  South 
Fork  Dam,  at  above  200  cubic  feet  per  second  per  square  mile,  and  I  would 
not  be  surprised  if  the  conditions  near  Altoona  were  as  stated.  The  run  has  a 
smaller  drainage  ba«in  and  is  on  the  eastern  slope  of  the  Alleghenies,  which,  as 
you  know,  received  such  a  drenching  that  there  was  not  a  bridge  left  on  the 
Juniata  River.  On  the  Conemaugh  River  the  drainage  was  confined  to  a  limited 
area  below  Johnstown.  The  Johnstown  disaster  was  local  and  the  freshet  con- 
ditions were  not  so  severe  on  the  streams  of  the  western  slope  as  on  those  of 
the  eastern  slope. 
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THE  LOWER  ROXBOROUGH   PRELIMINARY  FILTERS. 

P.  J.  A.  MAIGNEN. 

Head  April  16,  190L 

The  problem  of  purifying  water  for  city  supplies  is  at  this  time  the 
most  absorbing  topic  of  discussion  among  engineers,  municipal  ad- 
ministrations and  the  public  in  general.  The  recent  epidemics  of 
typhoid  fever  and  the  demonstrated  value  of  filtration  as  a  means  of 
reducing  the  loss  of  life  from  this  dread  disease  have  influenced  public 
opinion  to  such  an  extent  that  money  for  filtration  plants  is  being 
voted  by  the  taxpayers  and  their  representatives  with  scarcely  a 
dissenting  vote  all  over  the  country. 

Numerous  engineers  have  made  a  specialty  of  filtration,  and  some 
have  attained  positions  as  filtration  consulting  engineers  only  second 
to  those  of  the  great  lawyers  and  renowned  physicians. 

Up  to  ver>'  recent  years  it  was  thought  that  the  construction  of 
reservoirs  like  those  of  East  Park,  Queen  Lane  and  Upper  Rox- 
borough,  in  Philadelphia,  would  settle  the  question  of  water  purification. 
Then  came  the  advocates  of  the  slow  sand  or  English  system  of  fil- 
tration, pure  and  simple,  and  the  open  partisans  of  rapid  mechanical, 
or  so-called  American  filters.  These,  in  turn,  were  met  by  independent 
engineers,  who  pointed  out  numerous  cases  of  failure  with  both  systems. 
As  late  as  June,  1903,  one  of  the  foremost  experts  in  the  art  of  filtration, 
Mr.  George  W.  Fuller,  in  the  Transactions  of  the  American  Society 
of  Civil  Engineers,  expressed  himself  on  the  question  as  follows: 

"While,  as  Is  well  known,  in  the  majority  of  cases,  mechanical 
filters  have  not  been  operated  in  a  manner  to  produce  uniformly  good 
results,  it  is  a  fact,  which  does  not  seem  to  be  appreciated  by  many, 
that  the  majority  of  the  larger  (slow)  sand  filters  in  this  countr}^  that 
have  been  operated  for  several  years  have  also  failed  t(^  mwU  ttir  ^-u**i 
which  may  be  expected  of  them,  as  is  noted  by  any  one  whu  takes 
trouble  to  examine  carefully  the  typhoid  fever  experiences*  in  f 
which  have  (slow)  sand  filters,  such  as  Poughkeepsie,  Minlsnu, 
Falls,  N.  Y.,  Ashland,  Wis.,  Kock  Island,  111.,  etc.'' 

Concerning  the  use  of  sedimentation  basins  as  a  meaiih  ni  pii 
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drinking-water,  the  well-known  French  Engineer,  D'Arcy,  fifty  yeaiv 
ago,  wrote  as  follows: 

"  Of  all  the  means  of  rendering  to  waters  their  original  clearness  lor 
by  the  admixture  of  earthy  matters  in  suspension,  that  which  present* 
itself  first  to  the  mind,  and  the  realization  of  which  does  not  appear  At 
first  sight  to  offer  the  slightest  difficulty,  is  to  abandon  such  waters  V- 
absolute  rest  during  a  period  of  time  long  enough  to  allow  the  sedimcoT 
to  gather  at  the  bottom  of  the  reser\'oirs ;  but  when  we  come  to  actuaJ 
practice  we  meet  obstacles  which  had  not  previously  revealed  them- 
selves/* 

Among  these  obstacles  are:  First,  the  time  necessary  for  the  forma- 
tion of  the  sediment.  D'Arcy  estimates  this  at  eight  or  ten  days' 
absolute  rest,  and  he  writes: 

'^  Motionlessness  of  great  masses  of  water  during  eight  or  ten  da\3, 
combined  with  the  heat  and  action  of  the  air,  may  bring  about  in  the 
water  a  rapid  change  for  the  worse,  owing  to  the  development  of  vege- 
table growi:h  on  the  surface  and  to  the  putrefaction  of  the  numerous 
insects  which  may  fall  from  the  atmosphere.  What  renders  sta^;nant 
waters  dangerous  is  the  ease  with  which  their  temperature  rises,  azMl 
thus  they  become  the  seat  of  reactions  between  oxygenated  gases  and 
the  hydrogenated  and  carbonated  matters." 

Second;  the  masses  of  water  to  be  clarified  by  this  process.  To 
provide  sedimentation  basins  for  eight  or  ten  days'  absolute  rest,  it 
would  be  necessary  to  have  two  sets  of  reservoirs  of  eight  or  ten  da^-s* 
capacity  each,  so  that  one  set  might  be  filled  while  the  other  b  being 
emptied.  If  the  water  is  allowed  to  flow  through  the  reservoirs  in  a 
continuous  manner,  their  capacity  ought,  in  order  to  produce  the  same 
result,  to  be  equal  to  something  like  twenty  days'  supply. 

To  find  land  and  money  for  such  reser\'oirs  is  not  an  easy  matter, 
and  if  it  were,  it  would  not  be  the  best  solution  of  the  problem.  Reser- 
voirs are  useful  to  dilute  the  first  and  worst  water  of  a  freshet,  or  to 
keep  an  available  supply  in  case  of  accidents  to  the  ptrnips  or  pipes, 
but  as  a  means  of  purification,  their  value  is  comparatively  small. 

Third ;  the  gradual  accumulation  of  mud  at  the  bottom  of  the  reser- 
voirs. The  sediment  which  accumulates  in  reservoirs  gradually 
reduces  their  holding  capacity,  and  when  in  course  of  time  it  is  found 
necessar\'  to  remove  the  accumulated  mud  it  is  expensive  and  at  times 
most  inconvenient. 

It  is  usual  in  this  countr\'  to  credit  reser\'oirs  of  twenty-four  or 
forty-eight  hours'  capacity  with  the  removal  of  30  per  cent,  turbidity 
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and  40  per  cent,  bacteria.  This  may  be  correct  as  a  general  statement, 
and  it  is  no  doubt  true  of  ordinary  river- water  in  a  normal  state.  At 
such  times  the  suspended  matters  which  cause  the  turbidity  are  of 
comparatively  coarse  nature  and  they  fall  easily  to  the  bottom,  and 
the  bacteria  do  actually  diminish  in  number.     It  has  been  generally 
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held  during  the  last  few  years  that  the  number  of  bacteria  increases 
pan  ptw«w  with  the  degree  of  turbidity  of  the  water,  both  being  brought 
about  by  the  same  cause,  namely,  the  surface  washings  from  rainfall 
but  there  are  exceptions  to  this  rule,  and  we  have  had  this  winter 
Philadelphia    a    considerable  deviation  from   it;    for  instance,  t 
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river-water  at  the  Shawmont  Pumping  Station  during  the  perif-i 
beginning  Januarj^  4th  and  ending  Januan^  22d  was  ven*  clear,  ha\-ir«r 
not  more  than  7  parts  per  million  of  turbidity,  on  an  average,  by  th** 
silica  standard;  at  the  same  time  the  bacterial  contents  of  the  wai#^r 
averaged  43,000  per  cubic  centimeter.  From  April,  1901,  to  October 
1901,  the  average  turbidity  of  the  water  delivered  in  Philadelphia  frmn 
the  reservoirs  was  22  parts  per  million  and  the  bacterial  averagre  2jiBf»* 
per  cubic  centimeter. 

To  explain  this  anomaly  of  low  turbidity  and  the  high  number  *4 
bacteria  is  not  an  easy  matter;  it  may  have  been  caused  by  exees>ivf 
sewage  contamination  coincident  with  the  low  stage  of  the  river  or 
some  other  cause  not  yet  understood. 

Another  anomaly  has  presented  itself  this  winter  in  connection  wiih 
the  Lower  Roxborough  Reservoir.    The  bacterial  contents  of  the  rau 
river- water  as  it  came  into  the  reservoir,  from  Januar>'  1 1  to  April  9. 
1904,  averaged  64,000  per  cubic  centimeter.     The  water  coming  tnit 
of  the  reservoir,  averaged  during  the  same  period  107,000  bacteria  per 
cubic  centimeter,  or  an  actual  increase  of  67  per  cent.     This  may  be  due 
to  the  fact  that  in  the  ver>'  cold  weather,  such  as  has  prevailed,  the 
higher  organisms  which  are  supposed  to  live  on  the  bacteria  were  more 
or  less  absent  from  the  water  and  did  not  interfere  with  their  prolifi- 
cation,  or  it  may  be  that  the  water,  more  or  less  agitated  in  the  river, 
becoming  quiescent  in  the  reservoir,  proved  particularly  favorable  to 
the  development  of  the  bacteria.     It  should  be  obser\^ed  in  this  cod- 
nection  that  in  all  waters,  particularly  those  containing  organic  matter, 
from  the  plain  ordinar>^  river-water  to  the  highly  polluted  sewage, 
there  is  a  considerable  increase  in  the  number  of  bacteria  during  the 
first  twenty-four  or  forty-eight  hours  of  rest,  or  quasi-rest,  in  whatever 
kind  of  reservoir  or  receptacle  it  be  stored;  they  gradually  diminish 
in  number  during  the  subsequent  days,  in  proportion  to  the  prolonga- 
tion of  the  stagnant  state.     Another  reason  may  account  for  this  in- 
crease of  the  number  of  bacteria  in  the  Lower  Roxborough  reser\*oir: 
that  is,  the  fact  that  for  several  months  previous  to  Deceml)er  22<1 
the  reservoir  had  been  emptied  for  the  purpose  of  removing  the  four  or 
five  feet  of  mud  which  lay  at  the  bottom.     A  small  portion  of  the  mud 
was  removed,  then  work  ceased  and  the  reservoir  was  filled  afresh, 
with  the  greater  part  of  the  original  mud  remaining  at  the  bottom. 
It  may  be  that  the  air  germs  which  had  fallen  on  the  mud,  or  the 
original  bacteria  domiant  in  the  old  mud,  found  fresh  vigor  in  the  new 
water  pumj)ed  into  the  reser\^oir.     The  same  peculiarity  was  noticed 
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in  experiments  carried  on  in  1902  at  New  Orleans,  and  the  worst  results 
jjvere  also  observed  in  the  winter  months. 

The  following  table,  taken  from  the  '^  Report  on  Water  Purification 
Investigation  for  New  Orleans,''  by  R.  S.  Weston,  shows  that  "  better 
percentage  removals  of  bacteria  were  obtained  after  the  water  had 
been  subsided  for  short  periods  than  after  long  periods." 

REMOVAL  OF  BACTERIA  BY  PLAIN  SUBSIDENCE. 


Basin  No. 


1. 
2. 
3. 
3. 
4. 
4. 


Average  Bacteria  per 

Hours. 

Cubic  Centimeters. 

Influent. 

Effluent. 

72 

2000 

3  900 

48 

2  200 

5  500 

12 

1  900 

1300 

48 

2000 

2  300 

12 

1900 

1  300 

24 

2  200 

1900 

Bacterial  EFnciENCT. 


Increase 95  per  cent. 

Increase 150 

Reduction 32 

Increase 15 

Reduction 32 

Reduction 14 


To  return  to  the  behavior  of  the  Lower  Roxborough  water  in  passing 
through  the  reservoir;  it  should  be  stated  that  from  April  11th  to  May 
16th  the  w^ater  from  the  Schuylkill  contained  on  an  average  25,000 
bacteria  per  cubic  centimeter.  After  leaving  the  reservoir  the  number 
of  bacteria  in  the  water  was  on  an  average  11,500,  or  a  removal  of  54 
per  cent. 

It  may  be  noted  that  during  the  first  period,  from  January  11th  to 
April  9th,  when  the  bacteria  were  apparently  growing  in  the  reservoir, 
they  w^ere  being  removed  by  the  preliminar}^  filters  to  the  extent  of 
76  p)er*cent.,  and  in  the  second  period,  from  April  11th  to  May  16th, 
to  the  extent  of  nearly  80  per  cent. 

Concerning  slow  sand  filters,  it  is  held  by  many  that  it  is  necessary 
to  have  a  schmutsdecke  or  mud  blanket  on  the  surface  of  the  sand, 
and  that  without  it  the  filter  is  not  complete  or  efficient.  Others  call 
this  natural  mud  deposit  a  "filtering  membrane,"  ver}"  fragile  in 
character  and  easily  broken  by  the  slightest  change  in  the  |ijoKs\irr  of 
the  water  above  or  suction  below;  hence  the  efforts  raade  by  Jimo 
engineers  to  regulate  autom'atically  the  flow  of  the  water  in  and 
the  filters. 

The  accompanying  diagram  (Fig.  2)  shows  the  diifereoco  U 
bidity  found  by  two  independent  operators.     The  curves  orj  tfarf 
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show  the  results  from  a  single  sample  a  day;  those  on  the   right  are 
the  results  of  four  samples  a  day. 

It  has-been  usual  during  the  last  few  years,  in  Philadelphia  and 
elsewhere,  to  speak  of  three  million  gallons  as  the  normal  rate  of 
filtration  of  the  English  plain  slow  sand  filters.    Upon  investigation  it 
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Fio.  2. 


will  be  found  that  there  is  no  evidence  of  any  such  rate  having  been 
attained  in  practice  except  in  extraordinar>'  cases,  such  as  Zurich, 
where  the  influent  is,  according  to  Mr.  Hazen,  a  "perfectly  clear  lake 
water."  The  same  author  states  that  "  the  Hamburg  filters  were  only 
intended  to  filter  at  the  rate  of  1.60  million  gallons  per  acre  daily. 
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and  are  not  allowed  to  filter  faster/'  In  London  in  1868  the  rate  was 
2.28  million  gallons.  In  1885  it  was  reduced  to  1 .61 .  In  1898,  accord- 
ing to  Mr.  John  W.  Hill  ("  Public  Water  Supplies/'  page  259),  the  aver- 
age London  rate  was  1.80  million  gallons  per  acre  per  day.  In  one  of 
his  estimates  for  a  plant  of  10  million  gallons  capacity  Mr.  Hazen 
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allows  five  acres  in  service  and  one  acre  reserve  for  cleaning,  or  a 
net  rate  of  1.66  million  gallons  per  acre  per  day,  on  the  assimiption 
that  all  the  filters  are  in  service  at  one  time,  and  2  million  gallons  pe 
acre  per  day  if  one  of  the  6  acres  is  out  of  service  for  cleanin 
At  Breslau,  Altona,  and  Frankfurt,  according  to  the  same  auth< 
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the  rate  is  1.85  million  gallons  and  the  yield  between  scrapings  55 
million  gallons.  At  Bremen,  Konmgsberg,  Bruns\^iek,  and  Posen  the 
rate  is  1.34  million  gallons  per  acre  daily  and  the  jdeld  between  scrap- 
ings 40  million  gallons  per  acre. 

According  to  Colonel  Alexander  M.  Miller  (letter  to  the  Secretary 
of  War  on  the  feasibility  and  propriety  of  filtering  the  water-supply 
of  Washington,  D.  C,  page  17),  "The  average  rate  of  filtration  of  the 
English  system  is  1,700,000  gallons  per  diem  per  acre."  This  being 
the  case,  it  may  be  asked,  on  what  basis  can  any  one  assiime  that 
the  final  plain  sand  filters  in  Philadelphia  could  give  three  million 
gallons  per  acre  per  day  without  preliminary  filters,  even  if  very  large 
settling  reservoirs  were  being  used,  which  is  not  so,  except  in  the  ease 
of  Upper  Roxborough?  All  of  the  English  filter  plants  are  provided 
with  large  settling  basins ;  some  of  them  hold  as  much  as  thirty  da^-s' 
supply  or  more,  and  yet  the  average  rate  there  is,  as  stated  above, 
less  than  2  million  gallons.  It  would,  therefore,  appear  more  correct 
to  speak  of  the  capacity  of  the  plain  slow  sand  filters  as  2  million 
gallons  per  acre  per  day  rather  than  3  million  gallons. 

Concerning  mechanical  filters,  the  aim  has  been  to  force  the  water 
through  the  sand  at  ver\'  high  rates,  say,  for  instance,  120  million 
gallons  per  acre  per  day,  or  sixty  times  more  than  by  the  slow  sand 
process.  It  can  be  easily  understood  that  if  it  has  been  found  necessan^ 
to  limit  the  permissible  rate  of  filtration  through  beds  of  sand  to  2.5 
million  gallons  per  acre  per  day  (in  Germany  higher  rates  are  pro- 
hibited), satisfactory  results  can  hardly  be  expected  at  a  speed  fifty 
times  greater.  In  order  to  obtain  clear  water  at  such  rates  it  is  ne- 
cessary to  use  coagulants — that  is,  to  add  alum  or  sulphate  of  alumina 
to  the  raw  water  in  varying  proportions  according  to  its  degree  of 
turbidity;  and  it  is  now  recognized  that  an  insufficient  quantity  of 
coagulant  makes  the  filtered  water  unsatisfactory  in  a  bacterial  sense, 
while  an  excess  of  coagulant  makes  it  chemically  objectionable  and 
capable  of  injuring  health  in  various  ways ;  moreover,  the  addition  of 
coagulant,  by  increasing  the  amount  of  suspended  matter  to  be  dealt 
with  by  the  filter,  shortens  the  period  of  service  between  two  cleanings. 
It  is  usual  to  obtain  from  the  slow  sand  filters  60  or  65  million 
gallons  of  water  per  acre  between  two  cleanings,  while  with  the  me- 
chanical filters,  with  coagulated  water,  it  is  seldom  possible  to  get  more 
than  40  or  45  million  gallons;  moreover,  in  the  slow  sand  filters  the 
sediment  collects  at  the  surface;  in  the  mechanical  filters,  owing  to  the 
greater  velocity  of  the  flow  of  water,  the  sediment  penetrates  deep 
into  the  sand,  and  toward  the  end  of  the  operation  it  goes  right  through. 
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In  the  slow  sand  filters  it  is  sufficient  to  remove  an  inch  or  so  of 
dirty  sand  from  the  surface ;  in  the  mechanical  filters  the  whole  volume 
of  sand  has  to  be  raised  by  reverse  current  and  agitated  or  otherwise 
handled  in  its  entirety  each  time  it  becomes  choked  and  refuses  to  work 
further. 

In  the  slow  sand  filters  the  period  between  two  cleanings  averages 
twenty-five  days;  in  the  mechanical  filters,  eight  hours;  so  that  it  can 
be  clearly  seen  that  it  is  not  the  quantity  of  water  filtered  that  governs 
the  period  of  cleaning  but  the  amount  and  nature  of  the  suspended 
matter  which  is  in  the  water  to  be  filtered ;  this,  at  times,  becomes  a 
very  serious  matter  for  both  systems,  but  more  particularly  for  the 
mechanical  filters,  because,  while  in  the  slow  sand  filters  an  increased 
quantity  of  sediment  may  shorten  the  runs  by  some  days, in  the  case  of 
mechanical  filters  it  reduces  them  to  hours.  The  number  of  extra 
mechanical  filters,  required  as  a  reserve  for  such  occasions,  in  order  to 
maintain  a  given  yield  of  filtered  water,  is  variously  estimated  at  from 
30  to  75  per  cent,  in  excess  of  what  is  necessary  for  normal  water. 
(See  pages  442  and  333,  "  Louisville  Filtration  Report,"  by  George  W. 
Fuller.)  You  will  also  understand  that  when  a  coagulant  is  used,  as  is 
the  case  with  mechanical  filters,  all  the  year  round,  a  considerable 
expense  is  entailed,  not  only  for  the  chemicals  but  also  for  the  opera- 
tion and  attendance. 

The  citizens  of  Philadelphia,  through  their  public  filtration  com- 
mittees under  the  initiative  of  Mr.  Frank  J.  Firth  and  others,  have  long 
clamored  for  slow  sand  filtration.  The  experts  appointed  under  the 
late  administration  have  recommended  this  system  as  the  best  suited 
for  Philadelphia  water,  but  they  have  much  underestimated  the  quan- 
tity of  water  for  which  filter  plants  ought  to  be  provided.  They  have 
assumed  that  it  would  be  possible,  by  the  installation  of  meters,  to 
reduce  the  consiunption  of  water  in  Philadelphia  to  200  million  gallons 
daily.  If  it  is  assumed  that  Councils  and  the  people  are  ready  to 
agree  to  the  compulsory'  use  of  meters,  it  would  take  many  years  and 
much  money  to  install  them.  We  would  venture  to  suggest  that  at 
the  present  moment  it  would  appear  as  if  the  taxpayers  would  rather 
pay  more  taxes  than  submit  to  meters.  Meters  or  no  meters,  the  city 
filter  plants  should  be  large  enough  to  deal  with  the  quantity  of  water 
now  being  piunped.  For  the  year  1902  the  average  daily  pumpage  was 
313  million  gallons  and  the  maximum  daily  pumpage  360  million 
gallons.  In  1903  the  average  daily  pumpage  had  risen  to  327  million 
gallons  and  the  maximum  daily  pumpage  to  384  million  gallons. 
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At  this  rate  of  increase,  therefore,  it  would  seem  advisable  to  ha\-e 
filter  plants  at  once  for  400  million  gallons  daily.  It  is  not  enough 
to  provide  for  the  average  consumption ;  the  plant  must  be  able  to  give 
the  maximum  quantity  of  water  required  on  any  one  day.  At  present 
there  are  partly  constructed  or  under  contract  in  Philadelphia  94 
filters  of  a  total  net  filtering  area  of  68  acres.  Assuming  that  one- 
sixth  of  this  area  is  out  of  service  for  cleaning,  there  would  remain 
56.66  acres  of  filtering  area  in  actual  service.  If  the  rate  of  filtration 
were  fixed  at  the  EngUsh  standard  of  1,600,000  gallons  per  acre  per 
day,  the  56.66  acres  would  give  daily  90  miUion  gallons ;  at  the  2  million 
gallon  rate,  113  million  gallons;  at  the  2.5  million  gallon  rate,  141 
million  gallons,  and  at  the  3.0  million  rate,  170  million  gallons,  or  less 
than  half  the  quantity  of  water  required  in  Philadelphia. 

At  Washington  and  at  Pittsburg  the  filters  have  been  planned  on  a 
rate  of  2,200,000  gallons  per  acre  per  day.  At  this  rate  of  2,200,000 
gallons,  and  taking  the  maximum  quantity  of  water  pumped  in  1903, 
namely,  384  million  gallons,  there  would  be  required  in  Philadelphia 
about  175  acres  of  net  filtering  area,  as  against  68  acres  actually  pro- 
vided. Considering  that  the  68  acres  with  the  purchase  of  land  and 
all  appurtenances  will  cost  about  $25,000,000,  you  can  judge  for  your- 
self as  to  the  amount  of  money  that  would  be  required  to  budld 
filter  plants  nearly  three  times  larger. 

Mr.  John  W.  Hill,  the  able  engineer  who  has  been  entrusted  with 
the  gigantic  proposition  of  improving  the  Philadelphia  water-supply, 
has  realized  the  necessity  of  doing  something  to  increase  the  speed 
of  filtration,  and  he  has  satisfied  himself  that  preliminary  filtration 
would  meet  the  case.  The  author's  ideas  on  the  subject  were  sub- 
mitted to  the  city  of  Philadelphia  in  1900;  they  were  investigated  by 
Mr.  Hill  and  by  Messrs.  Hering  and  Fuller,  of  New  York.  The  results  of 
this  double  investigation  having  been  satisfactory,  public  competition 
was  invited  to  supply  a  preliminary  filter  for  the  Lower  Roxborough 
Filter  Station.  The  author's  bid  was  the  lowest.  You  have  seen 
the  plant  erected  and  working  since  October  last. 

In  a  report  made  on  February  27, 1904,  to  the  Finance  Committee 
of  the  City  Coimcils  of  Pittsburg,  Mr.  John  W.  Hill,  Mr.  Rudolph 
Hering,  and  Colonel  Alexander  H.  Miller  said: 

"  At  Philadelphia  preliminary  filtration  is  a  fundamental  part  of  the 
present  works,  the  chief  object  of  which  has  been  to  reduce  the  area* 
of  filters  required  by  permitting  of  an  increase  in  the  rate  of  filtration 
per  unit  of  sand  surface.     Three  objects  are  sought  to  be  obtained  by 
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preliminary  filtration  of  the  water  before  it  is  passed  to  the  filters: 
(1)  An  increase  in  the  rate  of  filtration  per  acre;  (2)  a  prolonged 
(working)  period  of  the  filter  with  a  corresponding  reduced  cost  for 
maintenance;  (3)  a  better  control  of  the  water  applied  to  the  (final) 
filters  with  the  varying  conditions  of  the  raw  river-water." 

You  have  here  in  a  few  words  the  raison  d'iire  of  the  Lower  Rox- 
borough  preliminary  filters ;  but  there  is  a  fourth  object  which  appears 
to  have  escaped  the  experts  above  cited,  and  that  is  the  maintenance 
of  the  eflBcacy  of  the  final  sand  filters  and  the  preservation  of  the  best 
qualities  of  the  sand  layer. 

Any  one  familiar  with  the  management  of  slow  sand  filters  knows 
that  each  time  the  sand  is  washed  there  is  a  separation  and  waste  of 
some  of  the  finer  particles.  The  best  grade  of  sand  to  use  in  plain 
slow  sand  filters  is  that  which  passes  through  a  No.  14  sieve  and  is 
retained  on  a  No.  60.  In  some  cases  all  that  passes  through  a  No.  10 
and  is  retained  on  a  No.  80  has  been  accepted  as  satisfactory.  The 
different  grades  between  these  two  extremes  are  so  well  mixed  in  new 
sand  that  the  fine  particles  fill  the  voids  between  the  coarse  particles 
nicely,  and  you  can  easily  imderstand  how  a  layer  of  new  sand  two 
or  three  feet  deep  makes  a  very  good  filter-bed  capable  of  yielding  a 
good  quality  of  water  at  a  relatively  high  rate — three  or  even  four 
million  gallons  per  acre  per  day ;  but  this,  holds  good  only  as  long  as  the 
sand  is  quite  new;  when  it  has  been  cleaned  several  times  some  of  the 
finest  particles  have  been  washed  out  and  wasted  with  the  mud,  others 
have  been  blown  away  by  the  wind  (if  the  sand  has  remained  exposed 
in  the  courts  any  length  of  time),  and  as  the  number  of  washing  opera- 
tions increases,  more  and  more  of  the  fine  particles  are  separated  from 
the  coarser,  particularly  with  the  system  of  the  hopper  washers  now 
in  vogue.  On  inspecting  any  of  the  latest  plain  slow  sand  filter  plants 
in  this  country  you  can  see,  on  the  one  hand,  the  washed  sand,  ac- 
cumulated in  the  courts,  visibly  stratified;  and,  on  the  other,  small 
heaps  of  very  fine  sand  more  or  less  mixed  with  mud  gathered  from  the 
overflow  gullets  of  the  washing  machines.  This  very  fine  sand  is 
rewashed  and  thrown  in  with  the  coarser  sand,  but  as  you  can  readily 
understand,  this  artificial  mixing  is  not  so  intimate  as  it  was  befo~" 
washing;  the  consequence  is  that  some  parts  of  the  filter-bed,  w' 
filled  again  with  the  washed  sand,  are  composed  of  particles  mo' 
less  coarse,  while  other  parts  contain  sand  more  or  less  fine.  In  < 
words,  the  original  quality  of  the  sand  has  gone;  it  grows  coarsei 
coarser  after  each  washing,  and  it  cannot  give  the  same  qualit 
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filtered  water  at  the  same  rate  as  when  it  was  new;  a  device,  there- 
fore, which  is  destined  to  reduce  the  number  of  cleanings  of  the  sand, 
must  of  necessity  M  a  most  welcome  help  to  the  friends  of  slow  sand 
filtration. 

If  the  preliminary  filters  allow  the  final  slow  sand  filters  to  yieJd 
180,000,000  gallons  of  water  between  two  cleanings  instead  of  60.- 
000,000  gallons  (the  classical  average  of  slow  sand  filters),  and  if 
we  assume  that  the  rate  of  filtration  is  the  same  in  both  cases,  two 
cleanings  out  of  three  would  be  saved  by  preliminary  filtration  and 
the  natural  life  of  the  sand,  as  an  effective  filter,  would  be  increased 
three  times.  If  the  rate  of  filtration  be  doubled,  the  life  of  the  sand 
will  still  be  increased,  and  the  per  million  gallon  cost  of  renewal  will 
be  correspondingly  reduced. 

It  has  been  stated  somewhere  that  preliminary  filtration  was  not 
new.  I  must  take  this  opportunity  to  place  on  record  that  the  kind 
of  preliminary  filtration  carried  on  at  Lower  Roxborough  is  entirehr 
new.  The  so-called  fore-filters  of  Bremen  and  Schiedam  are  not 
preliminary  filters  at  all.  They  are,  as  Mr.  Hazen  calls  them,  a  double 
system  of  filtration;  "  the  filters  are  all  upon  the  same  level  and  of  the 
same  construction.  When  a  filter  is  put  in  service  the  effluent  from 
it,  instead  of  being  taken  to  the  pure  water  reservoir,  is  taken  to  another 
filter  which  has  already  been  some  time  in  service.  After  the  first  filter 
has  been  in  operation  for  some  time  its  effluent  is  taken  to  the  pure  water 
reservoir,  and  in  turn  it  is  supplied  with  the  effluent  from  a  filter  more 
recently  cleaned.'' 

The  Lower  Roxborough  preliminary  filters  or  scrubbers  are  the  first 
application  of  true  preliminary  filtration  on  a  large  scale  at  a  high  and 
economical  rate,  and  it  will  no  doubt  interest  you  to  have  an  explana- 
tion of  the  principles  which  have  guided  their  conception  as  weU  as 
some  of  the  details  of  construction  and  the  results  obtained. 

Principles  Involved  in  the  Lower  Roxborough  Preumin.iry 

Filters. 

A  new  thing  calls  for  a  new  name ;  pre-filter  is  the  name  given  by  the 
Bureau  of  Filtration ;  it  has  also  been  called  roughing  filter,  preliminan* 
filter,  and  auxiliar>^  filter,  but  the  name  that  would  appear  to  best 
describe  what  is  expected  of  this  device  and  that  which  we  prefer  is 
"scrubber." 

The  Lower  Roxborough  preliminary'  filters  or  scrubbers  are  not  in- 
tended to  filter  the  water  in  the  ordinary  sense,  the  act  performed  is 
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more  one  of  subsidence  than  of  straining.  In  filters,  generally,  the 
materials  used  are  supposed  to  have  pores  finer  than  the  particles  of 
suspended  matter  which  they  are  intended  to  retain.  In  the  pre- 
liminary filters  or  scrubbers  under  consideration  the  object  sought  has 
been  to  afiford  plenty  of  room  for  the  accumulation  of  mud  during  long 
p>eriods  of  time,  without  choking  and  without  any  appreciable  loss  of 
head.  The  pores  or  passages  for  the  water  are  many  thousands  of 
times  larger  than  the  particles  of  suspended  matter  to  be  retained. 

In  the  Lower  Roxborough  preliminary  filters  the  water  enters  the 
bottom  and  rises  upward  through  materials  varying  in  size  from  3 
inches  to  1  inch.  Some  of  the  filters  are  filled  with  furnace  slag,  others 
with  coke.  In  future  installations  we  shall  recommend  coke,  because 
it  has  given  somewhat  better  bacterial  results. 

On  the  top  of  the  slag  or  coke,  which  occupies  41  inches  in  depth, 
there  are  14  inches  of  sponge  clippings  held  down  by  means  of  cedar 
slats  suitably  secured  in  place  by  yellow  pine  stringers,  blocks,  and 
steel  I-beams. 

The  water  leaves  in  the  slag  or  coke  materials  and  in  the  sponge 
layer  about  65  per  cent,  of  turbidity  and  about  80  per  cent,  of  bacteria. 
The  water  is  distributed  at  the  bottom  of  the  bed  through  two  lines 
of  6-inch  pipes  suitably  perforated  and  shown  in  Fig.  8.  It  rises 
vertically  through  the  materials  and  flows  at  the  upper  surface  in  an 
horizontal  plane  toward  the  outlet  weir,  which  indicates  the  quantity 
of  water  filtered>  Thus  described,  the  device  appears  very  simple, 
but  it  is  not  without  considerable  study  and  experimenting  that  this 
apparently  simple  contrivance  has  been  evolved. 

Subsidence  in  Motion. 

When  it  is  desired  to  separate  suspended  matters  from  liquids  by 
absolute  rest,  it  is  advantageous  to  have  very  shallow  vessels  or  reser- 
voirs. When  these  are  deep,  convection  currents,  encouraged  by 
differences  of  temperature,  are  formed  in  the  body  of  the  water  and 
create  a  motion  which  prevents  the  ligliti  i  partiiles  from  si^ tiling 
down;  it  is  therefore  desirable  to  have  shallow  n^servoif*^  n 

deep  ones  in  order  to  obtain  the  maximum  amount 
of  a  given  amount. 

Figures  1,  2,  and  3  in  plate  I  show  this  prindple 
1  are  three  imaginary  divisions,  a  a  a,  and  if  it  takai, 
the  solid  matters  to  fall  to  the  bottom  of  inm^iimrjr 
it  will  take  two  hours  to  go  do\vn  to  the  bottom  dtA 
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the  bottom  of  compartment  C,  and  four  hours  to  get  to  the  bottom  d 
D;  if,  however,  there  were  three  compartments  with  real  diviaioDs. 
b  b  b,  as  in  figure  2,  the  sediment  in  A  would  be  retained  on  ttt 
real  division  b  in  one  hour,  and  as  sedimentation  would  go  on  simul- 
taneously in  B,  C,  D,  the  whole  tank  full  would  be  clear  in  one  hour, 
because  the  sediment  in  one  division  would  not  interfere  with  the  clari- 
fication in  the  other  divisions ;  in  other  words,  tank  2,  with  its  real 
divisions,  is  equivalent  to  tank  3,  which  is  four  times  wider  but  of  the 
height  of  one  of  the  compartments  A,  B,  C,  D. 

The  conclusion  to  be  drawn  from  this  illustration  is,  that  as  far  as 
possible  the  water  to  be  subsided  should  be  divided  in  shalloiiv  layers: 
and  what  is  true  of  water  at  rest,  is  equally  true  of  water  in  slow  motioiL 

In  considering  the  sedimentation  of  water  in  motion  certain  prin- 
ciples are  met  with  which  are  well  worthy  of  consideration.  Yoo 
have  all  noticed,  when  standing  on  a  bridge  over  a  comp)arativelT 
shallow  river,  how  the  flow  of  water  between  two  piers,  as  for  instance 
at  A,  figure  5  in  plate  I,  acquires  a  great  velocity  because  it  is  contracted 
into  narrower  limits  by  the  piers  themselves ;  inamediately  after  this  con- 
traction it  is  divided  in  two  sections,  one  scouring  in  a  straight  line  and 
the  other  forming  whiripools  and  eddies  behind  obstructions,  as  behind 
the  piers  at  B  and  in  the  open  and  quiescent  parts  of  the  river,  where 
sand  banks  or  islands  are  ultimately  formed,  as  at  C.  In  these  parts 
the  force  of  the  current  is  spent;  the  water  spreads  itself  over  a  com- 
paratively large  area;  the  eddy  movements  gradually  lose  their  force 
and  the  particles  of  suspended  matter  settle  down  because  their  sptecific 
gravity  is  too  great  for  the  reduced  velocity  of  the  water. 

The  conclusion  to  be  drawn  from  this  observation  is  that  instead 
of  endeavoring  to  obtain  an  even  motion  in  water  undergoing  the  pro- 
cess of  subsidence,  it  is  better  to  submit  it  to  various  degrees  of  velocity, 
preferably  by  alternate  contractions  and  expansions,  so  as  to  facilitate 
the  formation  of  eddies,  where  the  current  loses  itself  and  where  the 
suspended  matter  can  more  easily  settle. 

The  weight  of  the  particles  and  the  velocity  of  the  water  are  the 
factors  involved  in  subsidence.  This  is  well  illustrated  in  figure  4  in  plate 
I,  which  represents  in  a  crude  form  one  of  the  methods  of  separating 
valuable  metals  in  mining.  The  water  flows  down  an  inclined  plane, 
and  at  different  points  in  the  canal,  troughs  or  pools,  as  at  A,  B,  and  C, 
are  provided  of  different  capacities.  The  velocity  of  the  water  in 
passing  through  these  troughs  diminishes  according  to  their  areas,  so 
that  the  gold,  for  instance,  which  is  the  heaviest  metal,  remains  in 
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trough  A,  while  the  lighter  metals  stop  in  troughs  B  and  C,  accordiri: 
to  their  specific  gravity;  the  pulp  or  lightest  material  flows  away  :.: 
waste  with  the  water. 

Water  has  generally  a  tendency  to  travel  in  straight  directions,  Ukt 
billiard  balls,  until  it  meets  with  obstacles;  then  it  rebounds ;  thus  it  tf 
that  in  reservoirs  there  is  a  tendency  for  the  incoming  stream  of  water 
to  flow  directly  from  the  inlet  to  the  outlet  without  mixing  to  an:- 
appreciable  degree  with  the  bulk  of  water  surrounding  it.  The  de- 
ference of  temperature  between  the  incoming  water  and  that  in  tbr 
reservoir  helps  somewhat  this  direct  flow,  as  is  the  case  with  the  Gvl! 
Stream  in  the  Atlantic.  It  is,  therefore,  natural  that  engineers  in 
charge  of  waterworks  should  have  thought  of  devising  means  to  cbeci 
the  flow  of  water  in  reservoirs  by  means  of  baffles  or  diNOsion  waBs. 
The  idea  of  baffle  plates  has  been  utilized  to  a  considerable  exteaiT 
in  what  is  known  as  water-softening  apparatus  in  England,  France,  and 
Germany.  In  this  process  of  water  purification  chemical  reagent* 
are  added  to  the  water,  a  precipitate  is  formed,  which  if  allowed  tf 
flow  into  a  filter  of  any  kind  would  choke  it  in  a  ver>'  short  time,  and 
the  whole  system  would  become  impracticable  on  account  of  the  excess 
of  labor  required  to  keep  the  filters  in  working  order.  Inventors, 
therefore,  have  designed  a  number  of  baffle  s>^tems  of  ever>'  shap^ 
and  form.  We  will  here  show  only  three  or  four  examples  to  indicate? 
general  principles. 

Figure  6,  plate  I,  represents  a  tank  with  plain  vertical  baffles  in 
which  the  water  travels  down  and  up  again.  As  the  diff'erent  parti- 
tions are  equally  distant  from  one  another  the  velocity  of  flow  is  thf 
same  in  all  of  them,  and  there  is  no  reason  why  particles  which  do 
not  settle  in  the  first  section  should  settle  in  the  second.  Floating 
particles  which  might  have  a  tendency  to  settle  in  the  first  compart- 
ment are  carried  by  and  with  the  down-current.  In  the  next  com- 
partment the  same  suspended  particles  are  prevented  from  falling 
down  by  the  upward  flow  of  the  water.  The  two  contrary'  forces, 
upward  flow  and  gravitation,  neutralize  one  another  practically  all  the 
way  through  the  tank.  This  baffle  tank  is  therefore  more  of  the 
nature  of  an  agitating  device  than  a  subsiding  one. 

In  figures  7  and  8  plate  I  the  baffles,  instead  of  being  vertical,  are 
placed  at  different  angles.  There  also  the  greater  part  of  the  space  is 
lost  to  subsidence.  The  suspended  particles  are  either  carried  down 
with  the  downward  flow  or  prevented  from  falling  by  the  upward  flow. 
Only  a  small  space  at  the  lower  angle  of  the  baffle  plates,  shown  by  hea'vy 
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black  lines,  in  figure  8,  is  quiescent  enough  to  allow  of  real  subsidence. 
Figure  9  plate  I  shows  a  system  of  baffles  which  the  author  has  in- 
vented and  which  puts  into  practice  several  of  the  principles  alluded 
to  in  this  paper,  namely — 

The  division  of  the  water  into  shallow  layers. 
The  increase  and  decrease  in  the  velocity  of  flow. 
The  upward  flow  of  the  water  with  the  greatest  velocity  is  the  upper 
fibn  in  each  division,  while  the  bulk  of  the  water  lags  behind  in  the 
center  of  the  hollow  cones  and  around  the  cones,  where  it  moves  with  a 
very  slow  eddy  motion  and  is  therefore  in  the  best  of  conditions  for 
subsidence. 

This  is  easily  seen  by  throwing  a  few  drops  of  coloring-matter,  such 
as  potassium  permanganate,  in  the  water  over  the  apex  of  the  cone  ; 
the  color  shows  the  movement  of  the  water;  it  seems  to  shoot  straight 
up  and  then  to  spread  itself  horizontally  at  the  surface  all  around; 
finally,  dipping  down  at  the  periphery'  of  the  tank  to  form  a  kind  of 
vertical  eddy.  This  contrivance  is  thoroughly  satisfactory  for  a  small 
plant,  but  it  would  be  impracticable  for  large  installations,  on  account 
of  the  cost  of  construction. 

Figure  10  plate  I  represents  the  same  principles  appUed  by  the 
author  to  the  preliminary  clarification  of  the  water  on  a  large  scale. 
It  is  the  outcome  of  the  study  which  precedes. 

Ridges  of  slates  are  substituted  for  conical  baffles ;  they  are  laid  at 
a  slight  angle,  each  row  in  a  contrary  way,  so  as  to  compel  the  water 
to  flow  in  some  sort  of  spiral  direction.  In  this  device,  as  in  figure  9, 
the  water  flows  upward  and  the  sediment  is  deposited  on  the  upper 
surface  of  the  slates.  In  order  to  maintain  these  slates  or  baffles  -at 
suitable  distances  from  one  another,  materials  which  we  will  call 
"  impedimentors,''  varying  in  size  from  1  inch  to  2  inches,  are  placed 
between  them.  Each  piece  of  this  material  acts  in  the  same  manner 
as  the  slate ;  as  the  water  flows  upward  eddies  are  formed  on  the  sur- 
face of  each  impedimentor,  which  then  becomes  a  part  of  the  depositing 
ground  for  the  mud. 

In  the  Lower  Roxborough  preliminary  filters  the  slates  have  been 
omitted.  The  impeding  materials  used  in  the  upper  layers  are  .s<vmi  - 
what  smaller:  the  smallest  varying  from  J  inch  to  1  inch.  \W^, 
however,  is  still  big  enough  to  act  according  to  the  principle  whir*)]  tlit* 
author  has  been  trying  to  explain,  wherein  the  action  is  one  of  s^uh- 
sidence  in  motion,  characterized  by  eddy  formation,  and  not  on**  of 
true  filtration. 
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To  remove  the  mud  which  accumulates  on  the  coarse  impediinent<w^ 
two  operations  are  resorted  to :  one,  that  of  simple  flushing  by  openiiif 
a  large  valve  at  the  bottom  of  the  bed;  in  this  operation  the  some^sis*! 
rapid  downflow  of  the  water  carries  away  a  portion  of  the  mud ;  thf^ 
other,  directing  a  jet  of  water  vertically  down  on  these  impedimentors. 
when,  of  course,  the  elastic  layer  is  removed.  The  latter  operatks. 
by  pouring  a  large  quantity  of  water  in  one  particular  spot  at  one  time, 
forces  nearly  all  of  the  mud,  accumulated  on  the  surface  of  the  impedi- 
mentors  at  that  particular  place,  to  go  down  the  drain ;  the  jet  is  system- 
atically applied  by  hand  all  over  the  bed. 

As  you  have  seen,  there  is  on  the  top  of  the  slag  an  elastic  lajner  made 
up  of  sponge.  This  material  has  been  selected  because  it  is  light  ani 
therefore  easy  to  handle;  because  it  is  porous  in  the  extreme  ami 
affords,  more  than  any  other  substance,  room  for  the  mud,  and  also 
because  it  is  incapable  of  decomposition  in  water.  Sponge  is,  in  fact, 
an  ideal  natural  filter. 

In  the  Lower  Roxborough  preliminary  filters  it  is  practically  un- 
compressed and  it  affords  an  extraordinary  amount  of  room  for  the 
mud,  so  that  it  can  work  constantly  for  three,  four,  and  even  six 
months  at  the  rate  of  48  to  60  million  gallons  per  acre  per  day  without 
becoming  choked. 

Sponge  as  it  comes  from  the  sea  contains  in  its  pores  a  slimy  matter 
called  "gurry"  which  is  removed  by  exposure  on  the  seashore  to  the 
alternate  action  of  the  tidal  waters  and  to  the  sun's  rays.  In  this 
process  the  "gurry"  oozes  out,  and  after  a  short  time  nothing  but  the 
skeleton  is  left  and  the  sponge  is  said  to  be  "  cured."  This  skeleton, 
which  is  composed  of  silica,  lime,  potash,  iodine,  and  other  minerals, 
is  an  intricate  mass  of  homy  elastic  threads — a  network  permeated  by 
numberless  tubes  which  can  be  reduced  to  two  systems,  one  leadini^ 
from  the  interior  outwardly,  and  the  other  from  the  external  surface 
toward  the  interior. 

Other  elastic  materials,  such  as  peaty  fiber,  excelsior,  etc.,  may  be 
used  for  the  same  purpose,  but  the  amount  of  work  done  by  these 
substitutes  or  the  facility  of  cleaning  is  not  so  great  as  is  the  case  with 
sponge,  which  is  the  ideal  material  for  the  purpose  in  view — namely, 
to  act  as  porous  impedimentors  in  the  way  of  the  flowing  water. 

There  is  an  old  saying  in  Germany,  that  "  when  water  has  run  over 
nine  stones  it  has  cleared  itself."  The  particles  of  suspended  matter 
adhere  to  the  surfaces  of  the  stones  with  which  they  come  in  contact. 
This  is  often  seen  in  shallow  creeks  which  pass  through  viUages.    The 
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adhesive  action  whereby  the  small  particles  of  dirt  in  the  water  hang 
on  to  the  big  pieces  of  filtering  or  obstructing  materials,  of  course, 
prevails  to  a  great  extent  in  the  Lower  Roxborough  preliminary 
filters,  both  in  connection  with  the  slag  and  the  sponge,  but  we  main- 
tain that  the  influence  of  this  adhesive  principle  is  small  as  compared 
with  the  subsiding  action  to  which  we  have  given  so  much  attention. 
An  exhaustive  inquiry  was  made  in  1901  and  1902,  by  Messrs.  Bering 
and  Fuller,  into  the  practicability  of  the  preliminary  filters  or  scrubbers, 
now  under  consideration,  to  aid  in  solving  economically  the  problem 
of  purifying  the  Philadelphia  water-supply  by  the  slow  sand  system. 
A  report  entitled,  "  Report  on  the  Investigations  made  at  Philadelphia 
into  the  Maignen  System  of  Water  Purification  for  Municipal  Supplies, 
by  Rudolph  Bering  and  George  W.  Fuller,  May  3,  1903,"  was  made 
upon  the  operation  of  the  scrubbers  at  our  Philadelphia  experimental 
station  and  at  the  city  testing  station  at  Spring  Garden.     The  follow- 
ing extracts  from  this  report  may  not  be  without  interest. 

"  Does  a  scrubber  allow  a  final  filter  to  he  operated  at  a  higher  rate  than 
when  the  preparatory  treatment  is  obtained  by  settling  basins  alone  f 

"  Regarding  the  relative  fitness  for  final  filtration  of  a  settled  water 
(for,  say,  one  to  three  days)  and  a  scrubber  effluent,  it  is  to  be  remem- 
bered that  the  greater  clearness  of  the  latter  is  not  the  only  difference. 
The  scrubber  effluent  is  purer  from  a  bacterial  standpoint,  as  the  per- 
centage removal  of  bacteria  in  the  river-water  by  sedimentation  and 
by  scrubbing  is  about  40  and  80  respectively  on  an  average.  Thus, 
the  purity  of  the  scrubber  effluent  would  be  three  times  as  great  as 
that  of  the  settled  water."  [Twenty  per  cent,  of  the  bacteria  are  left 
in  the  water  from  the  scrubber  instead  of  60  per  cent,  left  in  the  water 
from  the  settling  basin.] 

"In  a  number  of  places  it  has  been  found  that  when  a  water  has 
been  filtered  once,  under  ordinary  conditions  as  to  rate  and  materials 
of  filtration,  a  second  filtration  is  sometimes  of  very  little  or  no  benefit. 
The  reason  assigned  for  this  experience  i.s  that  uie  lii^i  [ilindiua 
removes  those  constituents  which  are  necessan^  in  order  to  riw?t' 
filter,  through  the  establishment  of  gelatinous  films  around  tli^ 
grains,  and  of  certain  biological  processes-  1 

"This  aspect  of  the  matter  has  received  vm'  careful  ^Um^ 
the  evidence  shows  that  excellent  results  nmy  be  regulaiij^ 
from  the  filtration  of  the  Philadelphia  water  after  it  has  pap* 
a  scrubber.    The  construction  of  the  latter  and  its  rate  rf 
not  seem  to  impoverish  the  local  water  prejudicially 
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stituents  needful  for  developing  and  maintaining  the  final  filter  in  a 
well  ripened  and  efficient  condition. 

"Having  ascertained  that  the  scrubber  effluent  in  no  way  kssens 
the  efficiency  of  final  filtration,  the  question  can  now  be  taken  up  a? 
to  whether  it  allows  the  final  step  in  the  complete  process  of  purifica- 
tion to  be  carried  on  at  a  higher  rate  than  in  the  case  of  settled  water. 
The  evidence  at  hand  indicates  that  this  is  so,  and,  should  there  sive 
any  disturbing  factors,  the  effect  of  such  would  be  less  marked  with  the 
scrubber  effluent,  which  of  itself  represents  a  substantial  purification  d 
the  river-water.  In  short,  the  application  of  a  scrubber  effluent  of  th** 
character  noted  would  insure  a  greater  degree  of  stability  to  the  fin&i 
fflters,  other  conditions  being  the  same. 

"  From  the  above  statement  it  logically  follows  that  with  a  scrubber 
effluent  the  same  degree  of  stability  would  be  obtained  at  a  higher  rate 
of  filtration  than  in  the  case  of  settled  water.  In  practice  we  certainly 
believe  that  this  would  be  true. 

"Does  a  scrubber  prepare  the  raw  water  so  as  to  allow  the  final  filter 
to  he  operated  more  cheaply  than  when  settling  basins  are  used  f 

"  Experience  shows  that  as  a  general  proposition  the  cost  of  operat- 
ing large  fflter  plants  of  the  type  under  xjonsideration  is  profK>rtionaI 
to  the  amount  of  clogged  material  removed  per  unit  volume  of  water 
treated.  This  statement  assumes,  of  course,  comparable  conditions 
as  to  facilities  and  wages  of  laborers,  and  disregards  such  special 
features  as  removal  of  ice  from  open  filters.  The  cost  of  executive 
and  laboratory  control  is  also  excluded,  as  this  is  not  directly  related 
to  the  character  of  the  water  after  it  has  been  prepared  for  final  fil- 
tration. 

"Experience  at  several  places  also  shows  that,  approximately 
speaking,  the  amount  of  clogged  material  to  be  removed  from  filters, 
other  things  being  equal,  is  proportional  to  the  turbidity  (within 
ordinary  limits)  of  the  applied  water. 

"  When  raw  water  is  applied  to  filters,  complications  arise  in  some 
instances  from  algse  growth  and  suspended  organic  (amorphous) 
matter,  which  clogs  a  filter  to  an  excessive  degree  in  proportion  to  its 
turbidity.  Notwithstanding  the  obscuring  of  data  by  a  variety  of 
causes  in  practice,  this  principle  is  a  correct  one.  From  the  foregoing 
it  follows  that  the  cost  of  filter  operation  is  approximately  proportional 
to  the  turbidity  of  the  applied  water,  and  upon  this  principle  rests  one 
of  the  principal  merits  of  the  scrubber. 

"Available  evidence  indicates  that  settled  water  at  Philadelphia 
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would  average  about  20  parts  of  turbidity.  With  filters  operated  at  a 
6  million  gallon  rate  and  a  4-foot  loss  of  head,  the  yields  between 
cleanings  would  probably  average  about  70  miUion  gallons  per  acre,  and 
the  average  depth  of  scraping  about  three-fourths  of  an  inch.  This 
makes  the  amount  of  clogged  material  to  be  handled  about  1.5  cubic 
yards  per  miUion  gallons  of  water  filtered.  As  to  the  average  turbidity 
of  a  scrubber  effluent,  it  would  probably  be  between  5  and  10  parts. 
We  consider  that  there  is  ever>^  reason  to  believe  that  the  average 
filter  yield  between  cleanings  would  be  about  twice  as  great  as  with 
settled  water,  other  things  being  equal :  hence  it  is  concluded  that  a 
scrubber  effluent  as  compared  with  settled  water  would  reduce  the 
cost  of  filter  operation  by  about  50  per  cent. 

*'How  do  the  costs  of  preparing  the  local  river-water  by  settling  basins 
and  by  scrubbers  compare  ? 

"  From  the  evidence  presented  up  to  this  time  it  is  to  be  gathered 
that  a  scrubber  could  give  additional  stability  to  a  system  of  purifi- 
cation in  which  a  high  rate  of  filtration  is  employed ;  it  is  entitled  to 
certain  financial  credit  by  making  feasible  those  relatively  high  rates 
of  filtration;  and  it  could  reduce  by  about  50  per  cent,  the  cost  of 
filter  operation.     .     .     . 

^^Preparation  for  filtration  of  Philadelphia  river-water  in  settling 
basins. 

"  When  water  approaches  quiescence  the  matters  suspended  in  it  are 
to  a  greater  or  lesser  degree  deposited.  The  rate  of  deposition  depends 
upon  the  remaining  velocity  of  the  water  in  connection  with  the  sub- 
siding value  of  the  suspended  particles.  Velocities  are  affected  by 
relative  temperatures  of  water  and  air,  and  by  the  degree  of  baffling 
which  exists  in  a  basin  to  prevent  water  from  passing  from  the  inlet 
to  outlet,  and  thus  putting  a  portion  of  the  basins  out  of  service, 
practically  speaking. 

"It  is  customar>'  in  practice  to  refer  to  the  degree  of  settling  as  the 
period  corresponding  to  the  duration  of  flow  required  in  order  to  fill 
the  basin ;  such  a  period  is  hardly  obtained  as  a  matter  of  fact,  as  much 
of  the  water  passes  out  in  less  than  this  time. 

"General  experience  indicates  that  as  a  rule  it  is  not  Hijiioip^"*-* 
or  advisable  to  continue  plain  sedimentation  in  water  p\irifi'' 
works  to  more  than  about  24  hours.     Exceptions  of  course  ar 
found  where  this  factor  has  to  be  considered  with  referenno  t( 
portions  of  some  works.     .     .     . 
3 
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"  Preparation  for  filtration  of  Philadelphia  river-vxiters  vdth  scrubber*. 

"  Regarding  the  best  kind  of  elastic  layer  to  use,  it  has  been  foun^i 
that  sponge  clippings  are  somewhat  more  efficient  than  f)eaty  fibre. 
So  far  as  can  be  ascertained  there  is  available  a  sufficient  quantity  cif 
sponge  cUppings  to  serve  all  needs  in  \iew.  Should  prices  become 
excessive  for  this  commodity,  peat  or  similar  material  might  be  sub- 
stituted temporarily.  As  to  the  life  of  sponge  clippings  in  a  scrubber 
there  is  no  evidence  of  chemical  decomposition,  owing  to  the  mineral 
nature  of  the  product.     .     .     . 

"As  a  scrubber,  as  well  as  settling  basins,  would  be  operated  in 
connection  with  filters,  it  is  unnecessary-  to  make  any  extra  charge  for 
watchmen,  or  for  executive  and  laborator>-  supervision.  The  valve? 
would  need  regulating  at  only  infrequent  intervals,  and  ordinarily 
could  be  attended  to  by  the  men  engaged  in  cleaning  the  device.      .     .     . 

^*  Comparison  of  efficieyicy  and  cost  of  preparatory  treatment  of  settling 
basins  and  scrubbers. 

"The  available  evidence  indicates  that  the  average  removal  of 
turbidity  from  the  local  river-waters  by  settling  basins  (twenty-four 
hours^  capacity)  and  scrubbers  would  approximate  about  30  and  65 
respectively.  Regarding  bacteria  these  percentages  are  estimated 
at  40  and  80  respectively. 

"  As  to  the  residual  turbidity  of  the  treated  water,  during  all  ordinary- 
conditions  in  the  river,  it  is  estimated  that  it  would  be  about  20  and  10 
parts,  respectively.  The  probabilities  are  that  a  scrubber  effluent  is 
much  more  likely  to  average  less  than  10  parts  than  is  a  settling  basin 
less  than  20  parts.     .     .     ." 

The  following  are  some  of  the  conclusions  of  the  report  from  which 
we  have  just  made  extracts. 

"...  The  practicability  of  the  higher  rate  through  the  sand  layer 
(6  million  gallons  per  acre  per  day)  of  the  final  filter  in  the  Maignen 
system  is  accounted  for  by  the  better  preparation  of  the  water  for  fil- 
tration. This  preparation  of  the  water  is  accomplished  chiefly  by  the 
scrubbers.     .     .     ." 

"  Scrubbers  as  compared  with  settling  basins  make  higher  rates  of 
filtration  feasible  in  the  final  filters,  perhaps  double  according  to  the 
prevailing  practice,  and  therefore  effect  in  the  latter  a  decided  re- 
duction in  the  cost  of  filter  construction." 

"Where  reser\'oirs  already  exist  scrubbers  will  reduce  the  cost  of 
operating  the  final  filters  sufficiently  to  save  their  own  total  cost,  in 
addition  to  the  saving  effected  by  the  smaller  area  of  the  filters." 
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"Where  reservoirs  are  not  yet  built  scrubbers  will  effect  a  saving 
of  70  cents  per  million  gallons  of  water  purified,  in  addition  to  the 
saving  effected  by  the  smaller  area  of  the  filters." 

We  have  already  stated  in  this  paper  that  filters  are  not  clogged  in 
proportion  to  the  quantity  of  water  filtered,  but  in  proportion  to  the 
quantity  of  mud  in  the  water  which  is  filtered.  We  have  cited  Messrs. 
Hering  and  Fuller  on  the  same  subject  in  relation  to  the  cost  of  clean- 
ing filters,  and  we  refer  to  the  same  subject  again  because  we  believe 
that  in  future  the  students  and  experts  in  the  art  of  filtration  will  find 
it  more  correct  to  state  results  in  terms  of  units  of  mud  than  units  of 
water,  or,  rather,  that  they  will  find  a  coefficient  between  mud  and 
water. 

All  water  intended  to  be  filtered  may  practically  be  considered  as 
a  mud  solution  with  different  degrees  of  density  or  saturation.  The 
mud  in  the  water  has  lately  been  mostly  represented  in  terms  of  parts 
per  milHon  by  the  silica  standard.  This  standard  is  considered  the 
most  reliable  and  quickest  optical  test.  It  does  not,  however,  give 
the  exact  amount  by  weight  of  mud  in  the  water. 

Mr.  R.  S.  Weston,  in  his  report  to  the  Sewerage  and  Water  Board  of 
New  Orleans,  1903,  gives  the  turbidity  coefficient  of  the  Mississippi 
River  water  as  1.08 ;  after  seventy-two  hours'  subsidence  this  turbidity 
coefficient  becomes  0.76.  In  other  words,  when  the  water  drawn 
direct  from  the  river  shows  100  parts  by  the  silica  standard  it  may  be 
presumed  that  there  are  108  parts  by  weight  of  suspended  matter;  but 
when  the  same  water  has  been  allowed  to  subside  in  a  reservoir,  the 
heaviest  and  bulkiest  particles  of  suspended  matter  fall  to  the  bottom, 
and  what  is  left  for  measurement  by  the  silica  standard  is  extremely 
fine  (and  yet  sufficient  to  obscure  the  light),  and  then  the  100  parts  of 
turbidity  by  the  silica  standard  is  equivalent  to  only  76  parts  6^ 
weight  of  suspended  matter. 

It  will  be  observed,  then,  that  there  is  quite  a  large  field  open  for 
investigation,  tabulations,  and  formulae  to  indicate  the  density  of 
the  mud  solutions  of  river-waters  intended  for  purification  by  filtration. 

To  ascertain  in  a  rough  and  ready  manner  the  amount  of  work  done 
by  the  Lower  Roxborough  preliminary  filters  and  to  compare  it  with 
that  of  downward  sand  filters,  we  have  taken  a  certain  quantity  of 
sponge  out  of  a  scrubber  and  weighed  it  before  and  after  washing. 
The  differences  gave  the  weight  of  mud  retained  by  the  sponge.     As 
further  test  we  have  filtered  the  muddy  wash-water  through  a  paj 
filter  and  weighed  the  residue ;  this  has  given  the  same  result  as 
difference  between  the  sponge,  dirty  and  clean. 
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We  have  operated  in  the  same  way  with  dirty  sand  taken  frcwn  thf 
top  of  a  plain  slow  sand  filter.  It  was  weighed  before  and  after  wash- 
ing and  the  wash-water  was  filtered  and  the  mud  collected  and  weighed. 
We  then  found  that  1  poimd  of  sponge  had  retained  5  pounds  of  mud, 
while  1  pound  of  sand  had  retained  only  ^\  of  a  pound.  In  other  word?, 
a  given  quantity  of  sponge  collects  in  its  pores  160  times  more  miid 
than  the  same  quantity  of  sand. 

It  might  be  said  here  that  neither  the  sponge  nor  the  sand  was  dirty 
to  saturation ;  both  samples  were  taken  from  actual  filters  just  put  mx 
of  service,  and  it  might  be  said  that  if  allowed  to  remain  longer  in 
service  both  the  sponge  and  the  sand  would  have  collected  more  mud. 
but  it  is  presumable  that  the  proportions  would  be  the  same  at  anv 
stage  of  saturation. 

The  slag  or  coke  layer  which  composes  the  lower  part  of  the  pre- 
liminary filters  has  a  mud-storing  capacity  much  greater  still  than  the 
sponge  layer,  and  thus  can  be  explained  the  fact  that  these  preliminarv 
filters  or  scrubbers  can  go  on  working  for  four  months  or  more  at  the 
rate  of  48  milHon  gallons  per  acre  per  day  without  being  choked,  while 
a  plain  slow  sand  filter  bed  usually  gets  clogged  after  thirty  days,  woric- 
ing  at  the  rate  of  2  million  gallons  per  acre  per  day,  and  a  mechanical 
filter  after  eight  hours,  working  at  the  rate  of  120  million  gallons  per 
acre  per  day. 

The  amount  of  mud  collected  by  the  preUminar>'  filter  avera^ 
65  per  cent.,  but  to  be  conservative  we  shall  say  60  per  cent. 

The  capacity  of  plain  slow  sand  filters  for  removing  turbidity  has 
been  found  at  Washington,  in  experin>ents  carried  on  by  Colonel 
A.  M.  Miller,  to  amount  to  80  per  cent.  (See  letter  from  the  Secretan' 
of  War  to  Congress,  entitled  "  Feasibility  and  Propriety  of  Filtering 
the  Water  Supply  of  Washington,  1).  C.,''  March  31,  1900,  pages  41 
and  42.)  In  Philadelphia,  in  practice,  at  the  Roxborough  filter 
plants,  it  has  been  found  to  reach  fully  97  per  cent.,  and  for  the  pur- 
pose of  our  illustration  we  will  suppose  that  the  plain  slow  sand  fUtev 
can  remove  the  latter  quantity. 

The  yearly  average  turbidity  of  the  Schuylkill  raw  river-water  is 
85  parts  by  the  silica  standard.  In  the  winter  months  the  removal 
of  turbidity  by  twenty-four  hours'  sedimentation  appears  to  be  20 
per  cent.,  and  in  the  summer  months  about  40  per  cent.,  making  an 
average  of  30  per  cent,  for  the  whole  year.  The  estimated  removal 
of  turbidity  by  reservoirs  is  not  strictly  accurate,  on  account  of  the 
mixing  of  the  first  water  of  a  freshet  with  the  clear  water  of  the  reser- 
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voir,  but  the  above  estimate  may  be  taken  as  correct  for  all  practical 
purj>oses.  The  Schuylkill  water,  therefore,  may  be  estimated  to 
contain,  when  leaving  the  sedimentation  reservoirs:  85  —  85  X -^^ 
=-  59.5  parts — say  60  parts — of  turbidity  by  the  silica  standard. 

One  million  gallons  of  Schuylkill  water  coming  out  of  the  reservoir 
would  therefore  contain  1  million  gallons  multiplied  by  60  parts 
(gallons)  --^  60  gallons  of  mud.  There  are  7.48  gallons  in  a  cubic 
foot.  The  number  of  cubic  feet  of  mud  in  a  million  gallons  of  water 
is,  therefore,  ^^  --  8  cubic  feet. 

Mr.  R.  S.  Weston,  in  his  report  to  the  New  Orleans  Sewerage  and 
Wat^r  Board  (page  101),  states  that  a  cubic  foot  of  dr^^  mud  weighs 
81  pounds.  A  million  gallons  of  settled  Schuylkill  water  would 
therefore  contain  8  multiplied  by  81  =  648  pounds  of  dr\'  mud. 

Preliminar}'  filters  cost  at  the  outside  $7,000  per  million  gallons 
daily  capacity.  Counting  5  per  cent,  for  interest  and  depreciation, 
this  gives,  $7,000  X  j^q  =  $350  per  annum,  or  1  million  gallons 
multiplied  by  ^  ==^  96  cents  per  miUion  gallons  scrubbed.  This 
is  a  fixed  charge  for  the  preliminary  filtration  of  the  water. 

At  Lower  Roxborough  the  cost  of  operation  and  maintenance  of 
the  preliminary'  filter  is  estimated  at  75  cents  per  million  gallons. 
The  total  cost  of  treating  the  water  by  this  preliminary'  process  is 
therefore : 

Fixed  charges, 0.96 

Operation, 0.75 

Total, $1.71  per  million  gallons  of  water  scrubbed. 

One  acre  of  plain  slow  sand  filter  costs  anywhere  between  $100,000 
and  $250,000.  For  the  purpose  of  this  illustration  we  will  take  $125,- 
000  per  acre  as  the  correct  price.  The  yield  of  plain  slow  sand  filters, 
according  to  the  latest  estimates  made  by  experts,  is  2.22  million  gallons 
per  acre  per  day.  The  cost  of  plain  slow  sand  filters  can  therefore 
be  estimated  at  ^^  —  $56,000  per  million  gallons  daily  capacity. 

The  interest  and  depreciation  at  5  per  cent,  on  $56,00  =  $2,800 
per  annum.  This  gives  ^^  —  $7.67  per  million  gallons  filtered,  as 
a  fixed  charge. 

The  cost  of  operating  plain  slow  sand  filters  is  variously  es^* 
at  from  $3.00  to  $5.00  per  million  gallons ;   $4.00  appears  ^ 
more  nearly  correct  estimate.     The  total  cost  of  filterinp 
gallons  of  water  by  the  plain  slow  sand  filter  alone  would  i\ 

Interest  and  depreciation, $7.67 

Operation, 4.00 

Total, S11.67  per  m  illion  gaV 
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We  have  seen  that  to  treat  1,000,000  gallons  through  the  scrubber 
costs  $1.71.  With  a  plant  dealing  with  20  million  gallons  of  water 
daily,  the  annual  cost,  including  fixed  charges  and  operation,  would 
therefore  be:  20  miUion  gallons  multiplied  by  365  days  at  $1.71  — 
$12,483  per  annum. 

The  water  is  supposed  to  contain  60  parts  of  suspended  matter 
per  million  gallons,  or  648  pounds.  Twenty  million  gallons  of  water 
would  therefore  contain:  20  multiplied  by  365  days  multiplied  bv 
648  pounds  —  4,720,000  pounds  or  2,360  tons  of  mud  per  annum.  The 
scrubber  removes  60  per  cent,  of  this,  or  2,360  X  ^  =  1,416  toiL«. 
per  annum. 

If  1,416  tons  of  mud,  retained  by  the  scrubber  during  the  3'ear. 
cost  $12,483,  one  ton  of  mud  will  cost  *{^^^  =  $8.80. 

We  have  also  seen  that  a  million  gallons  of  water  filtered  by  the 
plain  slow  sand  filters  costs  $11.67.  Twenty  million  gallons  of  water 
daily  will  therefore  cost  20  multipHed  by  365  at  $11.67  =  $85,191 
per  annum. 

Assuming  that  97  per  cent,  of  the  mud  is  removed  by  the  plain 
slow  sand  filters,  we  shall  have  2,360  tons  X  -^  =  2,289  tons  per 
annum.  If  2,289  tons  of  mud,  retained  by  the  plain  slow  sand  filter, 
costs  $85,191,  one  ton  of  mud  will  cost  ^^^^^^  =  $37.66.  It  is  there- 
fore clear  that  by  dividing  the  process  of  purification  into  two 
parts — scrubbing  and  filtering — a  considerable  economy  t\t11  he 
obtained,  which,  based  upon  units  of  mud,  can  be  represented  as 
follows:  Single  filtration  by  plain  slow  sand  filters:  97  i>er  cent. 
of  2,360  tons  =^  2,289  tons,  which  at  $37.66  =   per  annum,.  .$85,191.00 

If  the  water  is  first  passed  through  the  scrubber, 
60  per  cent,  of  the  mud  will  be  removed;  60  per 
cent,  of  2,360  tons  =-  1 ,416  tons  at  $8.80  ==  $12,483 

The  mud  left  for  the  final  slow  sand  filter  to 
remove  amounts  to  40  per  cent.,  of  2,360  tons  = 
1,416  tons  ^944  tons. 

The  plain  slow  sand  filter  will  remove  97  percent. 

c  fM4  .  .  .     c^o-raa  .  3^,551    48,034.00 

of  944  tons,  at  a  cost  of  $37.66  per  ton  -—  -    —  ^-i.  ^^-t^ 

'  ^  $3/, 157,00 

This  represents  an  economy  of  $37,157.00  per  anniun  for  a  filter 

plant  dealing  with  twenty  million  gallons  of  river- water  daily,  of  the 

character  of  the  Schuvlkill. 
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Some  Details  of  Construction  and  Operation. 

The  topography  of  the  ground  adjacent  to  the  sand  filter  beds  at 
Lower  Roxborough  made  it  necessary  to  construct  an  embankment  of 
earth,  averaging  12  feet  in  height,  for  the  erection  of  the  prelimin- 
ary filters.  The  micaceous  soil  of  the  locality  was  used  and  was 
rolled  in  layers  of  6  inches  with  a  10-ton  steam-roller.  Twelve  inches 
of  puddle  was  placed  all  over  the  surface. 

It  is  usual,  when  building  concrete  work  on  made  ground,  to  allow 
a  certain  time,  preferably  a  winter,  to  pass  before  building,  in  order 


Fig.  4. — Scrubber  HorsB  Duriivg  Construction. 


to  allow  the  ground  to  settle;   when  this  time  cannot  be  secured,  it 
is  good  practice  to  strengthen  the  concrete  by  expanded  metal  or  its 
equivalent.     The  embankment  for  the  Lower  Roxborough  preliminary- 
filters  was  so  carefully  made  that  it  was  considered  feasible  ^ 
the  concrete  on  the  ground  as  soon  as  the  puddle  was  in  pla 
no  s|^cial  measures  were  taken  against  settlement.     It  was 
that  the  small  settlement  that  might  take  place  would  \y 
and  therefore  not  likely  to  affect  the  concrete  of  the  filter 
a  matter  of  fact,  there  have  been  no  settling  breaks  ir 


254 


Maignen — Lmver  Roxborough  Preliminary  Filters. 


in  the  floors.     There  have  been  three  contraction  cracks,   but   tbesr 
were  slight  and  they  were  easily  repaired. 

The  floors  and  the  walls  are  made  of  plain  concrete,  with  the  ex- 
ception of  the  base  of  the  walls,  which  has  been  anchored  in  the  fl^ic* 
by  means  of  ^inch  square  rods  18  inches  long,  placed  vertieaUj-  every 
12  inches,  and  also  some  1-inch  square  rods  4  feet  6  inches  and  6 
feet  long,  laid  horizontally  even-  6-inch  center,  in  that  part  of  tht 
floor  which  serves  as  a  base  for  the  walls. 


Fio.  5. — Floor  and  Gullet  of  Scrubbers,  Showing  Rbinforcbment  kor  Wali^. 


The  division  walls  are  15  inches  at  the  top  and  24  inches  at  the 
bottom.  The  outer  walls  are  also  15  inches  at  the  top,  but  30  inches 
at  the  base.  The  total  height  of  the  tanks  is  6  feet.  The  floor  itself 
is  dished,  being  14  inches  thick  at  the  wall  and  6  inches  thick  in  the 
center.  Bolts  1  inch  in  diameter  are  inserted  in  the  walls  to  secure 
in  place  the  15-inch  I-beams  which  are  intended  to  resist  the  upward 
thnist  of  the  elastic  layer. 

There  are  altogether  11  tanks,  16  feet  wide  and  64  feet  long,  gi\in|p 
1024  square  feet  of  filtering  area  for  each  tank,  or  11,264  square  feet 
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for  the  11  units.     The  whole  plant  is  designed  to  scrub  12  million 
gallons  of  water  ever}'  twenty-four  hours. 

When  all  the  unite  are  at  work,  the  rate  of  filtration  is  0.74  gallons 
per  square  foot  per  minute ;  or  1065  gallons  per  square  foot  per  day ; 
or  46,417,436  gallons  per  acre  per  day.  When  one  filter  is  out  of 
service  and  the  full  12  milHon  gallons  are  wanted,  the  rate  of  filtration 
is  increased  to  0.81  gallons  per  square  foot  per  minute;  or  1164  gallons 
per  square  foot  per  day;  or  50,808,384  gallons  per  acre  per  day.  The 
latter  rate  is  by  no  means  excessive ;  in  fact,  the  filters  may  be  rated 


Fig.  6. — Division  and  Outer  Walls  Showing  Opbning  for  Weir. 


at  60  million  gallons  per  acre  per  day,  which  is  equivalent  to  0.956 
gallons  per  square  foot  per  minute.  If  the  11  filters  were  at  work 
at  this  rate,  they  would  give  15,506,467  gallons  per  twenty-four  hours. 
Although  this  may  be  accounted  the  maximum  capacity  of  the  Lower 


Roxborough  preliminary'  filters,  they  might,  in  an  em*^- 
without  any  damage  up  to  an  80-  or  90-million  gallon  r; 
The  water  supplied  to  the  Lower  Roxborough  Fi 
drawn  from  the  Schuylkill  at  the  Sha\\'mont  PumpL 
passes  through  a  reser\^oir  containing  about  12  millio 
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is  equivalent  to  twenty-four  hours'  supply.  When  full,  the  higher: 
elevation  of  the  water  in  the  reservoir  is  366.0  feet  C.  D.  It  floi»- 
by  gravity  through  a  24-inch  pipe  into  the  preliminary  filters  tb^ 
top  of  which  is  at  elevation  350.5  feet  C.  D. 

On  the  north  or  influent  side  of  the  house  the  24-inch  supply-pipe. 
which  crosses  over  the  filters  in  the  middle  of  the  building,  is  CC'5- 
nected  with  a  24-inch  by  18-inch  by  18-inch  tee  to  two  lines  of  infliKr- 
pipes  gradually  reduced  in  size,  right  and  left,  the  whole  length  of  lb 


Fig.  7. — Lower  Roxborough  Preliminarv  Filter  House. 


bed.  On  this  line  are  placed  tees  with  a  6-inch  branch  leading  to  a 
6-inch  gate  valve  with  indicator.  Beyond  the  valve  is  a  reducer  6 
to  8-inch  and  an  8-inch  butterfly  valve  connected  to  an  8-inch  cast- 
iron  pipe  which  goes  through  the  wall  at  the  bottom  of  the  filter. 
This  pipe  enters  a  small  brick  chamber,  inside  of  the  bed,  which  aot^^ 
as  an  air-chamber,  and  out  of  which  the  air  that  escapes  from  the 
influent  water  finds  an  exit  through  a  1-inch  brass  pipe  communicating 
with  the  air.  From  the  brick  chamber  starts  an  8-inch  terra-cottA  tee 
with  two  8-inch  to  6-inch  reducers  and  ells  leading  to  two  lines  of 
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p)erf orated  terra-cotta  pipe,  running  the  full  length  of  the  bed;  these 
pipes  are  laid  with  cement  joints  and  are  seen  in  figure  8. 

In  the  center  of  the  bed  is  a  line  of  special  drain  tiles  made  of  con- 
crete and  expanded  metal.  The  concrete  is  3  inches  thick,  3  feet  wide, 
and  6  inches  high  (inside  measurements) ;  the  tiles  are  made  in  pieces 
6  feet  long. 

The  wash-water  passes  through  openings  4  inches  by  2  inches  at 
the  sides  of  the  tiles  and  immediately  over  the  floor,  which  acts  as 
the  bottom  of  the  drain.     The  floor  has  a  fall  of  1  inch  in  its  total 


Fig.  8. — Distributing  and  Draining  Systkms. 


length.     An  opening  in  the  floor,  at  the  front  end,  leads  to  a  16-inch 
gate  valve,  which  is  opened  when  flushing  is  necessar\^ 

On  the  south  side  of  the  filters  is  a  weir,  over  which  the  filtered  or 
scrubbed  water  flows.     It  is  22.5  inches  wide  and  has  a  sharp  brass 
crest.     A  glass  gauge  connected  with  a  brass  pipe,  which  goes  through 
the  wall,  indicates  the  height  of  water  flowing  over  the  weir 
similar  gauge  going  through  the  back  wall  assists  the  filter  atter 
in  regulating  properly  the  6-inch  influent  valves. 

From  the  weirs  the  water  falls  into  galvanized  iron  boxes  h 
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two  outlets  at  the  bottom,  one  with  a  6-ineh  waste  valve,  to  let  the 
scrubbed  water  go  into  the  wash-out  gullet  if  it  should  not  be  good 
enough  to  go  to  the  final  filters,  and  an  8-inch  outlet  with  valve, 
connecting  with  the  general  effluent  pipe,  which  takes  the  filtered 
water  from  all  of  the  11  units  and  conveys  it  to  the  final  filters. 

Another  glass  gauge,  attached  to  a  brass  pipe  leading  to  the  bottom 
of  the  filter  bed,  shows  the  resistance  offered  by  the  sponge  layer. 
The  difference  between  the  level  of  the  water  in  this  influent  gauge 
and  the  level  of  the  water  in  the  effluent  or  weir  gauge  is  the  loss 
of  head,  and  indicates  the  frietional  resistance  occurring  in  the  filtering 
materials.  When  the  filter  is  freshly  cleaned  there  is  practically  no 
loss  of  head  at  all,  but  as  the  operation  continues  it  gradually  increases 
to  one  and  a  half  feet;  when  it  has  reached  this  latter  figure,  it  is 
considered  time  to  clean. 

The  sponge  layer  is  held  down  by  cedar  slats  bound  together  three 
by  three  with  battens,  so  as  to  form  boards  about  10  inches  wide; 
these  slat  boards  are  15  feet  11  inches  long  and  weigh  about  40  pounds 
each,  and  they  are  easily  handled  by  one  or  two  men;  these  are  in 
turn  held  in  place  by  four  lines  of  yellow  pine  stringers,  6  inches  by 
8  inches,  running  along  the  whole  length  of  the  bed.  These  stringers  are 
pressed  down  a  few  inches  by  means  of  screw-jacks  and  are  held  in 
position  by  yellow  pine  blocks  placed  under  the  steel  I-beams  above. 

Cleaning. 

When  cleaning  becomes  necessary',  and  this  happens  twice  a  year, 
one  filter  unit  at  a  time  is  put  out  of  service.  Men  with  brooms  clean 
the  slats  before  the  water  is  drawn  off.  The  16-inch  flushing  valve  is 
opened  and  the  filter  is  drained.  The  sponge  is  then  taken  from  the 
bed  and  placed  in  tin-lined  wicker  baskets ;  these  baskets  are  hoisted 
above  the  level  of  the  I-beams  and  conveyed  to  the  washing  machines 
by  means  of  a  tram-rail  overhead  conveyor.  The  sponge  is  brought 
back  in  the  same  manner,  aft^r  being  cleaned. 

After  the  sponge  has  been  removed  from  a  section  of  the  bed  the 
slag  or  coke  is  washed  in  place  by  means  of  a  hose  which  is  carried  by 
hand  all  over  the  bed.  During  this  operation  there  is  no  other  water  in 
the  filter,  so  that  the  wash-water,  which  is  brought  to  bear  in  one 
place  in  large  volume  and  with  force,  drives  the  mud  down  easily  and 
it  escapes  freely  by  the  16-inch  wash  valve.  The  appearance  of  this 
ver\'  muddy  wash-water  is  one  of  the  e\ddences  of  the  efficacy  of  this 
kind  of  washing  and  of  the  mud-catching  properties  of  the  device. 
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When  all  the  sponge  of  a  bed  has  been  cleaned  and  replaced,  the 
filter  is  filled  with  water;  then  the  16-inch  valve  is  opened  full  and 
any  mud  that  may  stiU  remain  in  the  materials  of  the  bed,  is  easily 
carried  away  to  the  drain  by  this  flushing,  which  is  repeated  twice. 
The  cleaning  of  the  materials  is  so  complete  that  when  the  filters  are 
restarted  there  is  no  initial  loss  of  head  whatever. 

The  sponge-washing  machinery  consists  of  a  battery  of  four  regular 
laundry  cylinder  washers  worked  by  a  10  h.  p.  electric  motor.  These 
washers  consist  of  an  outer  drum  and  an  inner  one.     The  inner  drum 


Fig.  9.— Replacing  the  Sponge  in  the  Scrubber. 


is  perforated  and  turns  in  water,  first  in  one  direction  then  in  another, 
shaking  the  sponges  in  water  and  extracting  the  mud  without  tearing 
them.  The  sponges  are  left  in  the  first  water  one  minute,  then  in  a 
second  water  two  or  three  minutes,  in  a  third  water  three  or  four 
minutes,  and  so  on  for  five  changes,  the  whole  operation  taking  half 
an  hour  for  completion .  The  sponges  of  one  bed  can  be  washed  in  three 
days,  but  as  it  is  necessar\'  to  wash  the  impedimentors  (slag  or  coke), 
and  also  to  remove,  wash,  and  replace  the  slats  and  stringers,  the  entire 
operation  takes  four  and  a  half  days. 
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From  present  e^^dence  it  is  believed  that  not  more  than  two  c 
three  cleanings  will  be  necessaty  each  year.  Each  unit  ysrUl  therefor. 
be  out  of  service  not  more  than  fifteen  days  in  one  year  and  at  w«Td 
three  hundred  and  fifty  days.  It  can  be  easily  understood  that  i 
machine  which  is  made  to  wash  lace  curtains  can  wash  dirty  spone?- 
without  tearing  them.  There  is  practically  no  waste  of  sponge  wbii- 
ever  either  in  use  or  in  the  cleaning  operation. 

The  quantity  of  water  used  to  wash  one  bed  does  not  amount  u 


Fig.  10. — Spongb-washing  Machinery. 


more  than  200,000  gallons,  or  about  one-tenth  of  one  per  cent,  of  the 
water  filtered. 

The  raw  water,  without  any  pressure,  is  used  for  flushing  and  for 
sponge  washing;  raw  water  may  be  used  also  for  the  hose,  but  it 
should  be  delivered  under  pressure.  Five  men  are  necessar>'  for  the 
cleaning  operation,  one  to  fill  the  baskets  with  dirty  sponge  and 
distribute  the  clean  sponge,  one  to  convey  the  baskets  to  and  from 
the  washing  machines,  two  to  fill  and  empty  the  w^ashing  cylinders, 
and  one  to  look  after  the  motor  and  the  valves  of  the  washing  machines. 
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Results  Obtained. 
Eight  of  the  eleven  filter  tanks  or  scrubbers  were  started  on  October 
27,  1903;  the  other  three  were  kept  under  test  for  water-tightness, 
owing  to  small  contraction  cracks  which  occurred  in  the  outer  walls. 
These  last  filters  were  put  in  ser\4ce  on  the  6th  and  7th  of  Januar}', 
1904. 

The  quantity  of  water  filtered  by  the  whole  plant  has  varied  from 
6  to  12  million  gallons  per  day,  according  to  the  requirements  of  the 
consumers  and  the  capacity  of  the  Sha\vTnont  Pumping  Station.  The 
highest  consumption  occurred  during  the  coldest  weather  and  at  a 
time  when  the  water  was  at  its  worst  in  turbidity  and  bacteria. 

The  scrubbers  were  set  to  work  at  48  million  gallons  per  acre  per 
day.  When  less  than  12  million  gallons  were  required,  two  or  three 
units  were  lowered  in  speed  to  suit  the  requirements  of  the  final 
filters,  the  majority  of  the  scrubbers  being  allowed  to  remain  at  the 
normal  rate.  Sometimes  when  a  sudden  demand  for  filtered  water 
in  town  or  a  break  in  the  distribution  system  occurred,  it  was  found 
necessar>'  to  raise  the  rate  of  filtration  in  the  scrubbers  to  60,  80,  and 
100  million  gallons  per  acre  per  day.  This  variation  in  rates  is  a 
very  severe  test  for  any  kind  of  filter.  No  unsatisfactory'  results, 
however,  followed  these  great  variations,  and  in  fact  no  difference 
whatever  has  been  noticed  analytically  in  the  quality  of  the  filtrate 
at  any  time,  that  could  be  traced  to  a  change  in  the  rate  of  filtration. 

The  follo^\ing  results  may  be  taken  as  representing  the  minimum 
efficac}'  of  the  plant.  The  filtering  materials — that  is,  the  slag  or 
coke  and  the  sponge — were  placed  originally  in  the  tanks  by  common 
laborers  without  any  special  care;  now  the  sponge,  after  cleaning,  is 
replaced  in  the  scrubbers  by  a  man  who  has  acquired  the  necessary 
experience  to  insure  that  the  layer  will  be  even  all  over  the  bed, 
particular  care  being  taken  to  insure  a  good  layer  at  the  edges  against 
the  walls,  so  that  the  results  in  the  future  may  be  expected  to  be 
better  than  those  of  the  past. 
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TABLE  SHOWING  THE  RESULTS  OF  TURBIDITY  AND  BACTERIO- 
LOGICAL EXAMINATIONS  AT  THE  PRELIMINARY  FILTERa 
LOWER  ROXBOROUGH,  PHILADELPHIA.* 


Date. 


1903. 

Dec.  23  ...   . 

"    24  .   .    .    . 

**    25  .    .    .    . 

»*    26  .   .    .    . 

Weekly  Average :    113 


Dec  28  ...   . 

**  29  .  .  .  . ; 

"    30  ....  1 
**    31   .    .    .    .  ' 

20 

15 

14 

1904. 
Jan.    2  .    .    .   . 

Weekly  Average 

Jan.    4  ....  ; 
**      5  .   .   .   . 
**      6  ....  , 
**      7  .   .   .   . 

'*    8  ....  ; 

**      9  ....  1 

6 
4 
3 
3 

4 
4 

Weekly  Average 

4 

Jan.  11  ...   . 
**    12  .    .   .   .  , 
♦*    13  .    .    .    .  1 
*'    14   .    .    .    . 
**    15  .    .    .    . 
'^    16  .    .    .    . 

3 
4 

4 
20 
20 
14 

Weekly  Average 

11 

Jan.  18  .    .   . 
**    19  .    .    .    . 
»*    20  .    .    .    . 

14 
9 
5 

192,000 

62,000 

63,000 

32,000 

t 

29,500 

84,000 


38,000 


32,500 

4 

6,800 

4 

2,900 

4 

30,000 

7 

t 

15 

15,500 

15 

64,000 

1 

33,500 

2 

10,500 

2 

15,000 

2 

t 

5 

14,500 

6 

17,500 

8,600 
43,500 
43,500 


14 
9 

8 


27,500 


23,000  1 
112,000 
99,000 


75 
50 
50 
71 


62 


71 
55 


3,600, 

9B 

2,700 

93 

],M)0 

86 

1,100 

93 

t 

4,700 

67 

2,700 


90 


950 
17,500 
15,500 


96 
84 

85 


*  Results  obtained  by  D.  M.  Belcher,  Bacteriologist  in  the  Maignen  I^abonUory. 
fSeTcnty-two  hours  incubation,  results  not  recorded. 
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RSSULTS  OF  TUBBIDITY   AND  BACTBBIOLOGICAL  EXAMINATIONS.— Oon/mwttl. 


RiVBB  Watkb. 

Rbsbbvoib  Watbr. 

GBMBBAL  EyKLUBNT  OF  SCBUBBBRS. 

I>ATK. 

Turbid- 
ity. 

Bacteria. 

Turbid- 
ity. 

Bacteria. 

Turbid- 
ity. 

Per 
cent,  re- 
mored. 

Bacteria. 

Per 
cent,  re- 
mored. 

1904. 
Jan.  21    ...   . 
'*     22   ...    . 
'*     23  ...    . 

5 

6 

250 

30,500 
124,000 

5 
5 

96 

68,000 
* 

33,000 

3 

3 

20 

40 
40 
79 

19,500 
5,500 

71 
83 

Weekly  Average 

48 

50,000 

23 

67,000 

6 

74 

11,800 

82 

Jan.  25  ...   . 
*'    26  ...   . 
^'    27  ...   . 
"    28  ...    . 
*'    29  ...    . 
'*    30  ...   . 

180 
110 
90 
55 
20 
15 

85,000 

113,000 

31,000 

96.000 

« 

21,500 

160 
96 
96 
64 
36 
20 

163,000 
150,000 
220,000 
160,000 
« 

42,500 

65 
46 
44 
32 
15 
6 

59 
50 
54 
50 
58 
70 

66,000 
48,000 
58,000 
73,000 

♦ 

8,300 

69 
68 
74 
55 

80 

Weekly  Average 

78 

69,000 

79 

150,000 

35 

56 

50,000 

67 

Average  for 
Month  of  Jan. 

35 

52,000 

28 

74,000 

11 

61 

19,000 

•  74 

Feb.    1  .   .   .   . 
*•       2  .   .   .   . 
**       3  .   .   .   . 
**       4  .   .   .   . 
**       5  .   .   .   . 
**       6  .   .   .   . 

4 
4 
5 
4 
4 
No 

150,000 

89,000 

105,000 

160,000 

80,000 

sample 

8 
8 
8 
5 
5 
4 

240,000 
125,000 
170,000 
220,000 
240,000 
130,000 

3 
2 
2 

1 
1 
1 

62 
75 
75 

80 
80 
75 

58,000 
19,000 
33,000 
35,500 
32,000 
17,500 

76 

85 
81 
84 

87 
87 

Weekly  Average 

4 

120,000 

6 

190,000 

2 

3 

15 

15 

10 

3 

3 

67    '   32,500 

83 

Feb.   8  .   .  .   . 
**      9  .   .   .   . 
•*    10  ...   . 
**    11  .   .       . 
*•    12  ...   . 
"    13  ...  . 

130 
55 
32 
12 
12 
8 

65,000 
130,000 
240,000 
210,000 
No  sample 
110,000 

20 
55 
55 
26 
15 
10 

35,000 
200,000 
530,000 
450,000 
No  sample 
180,000 

85 
73 
73 
62 
80 
70 

6,000 

Nosai 

120,000 

Nosai 

30,000 

83 
nple 

77 

nple 

83 

Weekly  Average 

41 

140,000 

30 

250,000 

8 

73 

52,000 

79 

Feb.  15  .   .   ,   . 
"    16  ...   . 
**    17  ...   . 
"    18  ...   . 

4 

6 
6 
4 

14,000 

11,500 

10,000 

8,500 

5 
6 
5 

4 

21,500 
Ifl.OtW 
27,00(* 
36,000 

1 
1 
2 
2 

80 
83 

m 

3.70O 

4,a»^ 

83 

•  SeTcnty-two  hours  incubation,  rfialt'  not  fe^rde^n 


11 
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Results  of  Turbidity  and  Bactebiolooical  Examinations. — Oomtitmed. 


RrvKB  Water. 

Rksbbvoir  Watbr. 

Gkkkral  Efflumtt  of  Scsmm 

Datk. 

Turbid- 

BMteria. 

Turbid- 
ity. 

Bacteria. 

Turbid- 

cent.r«- 
mored. 

Bacteria^  'eeBt.it- 

1904. 

1 

Feb.  19  .... 

5 

14,500 

5 

28,000 

1 

80 

3,300        88 

**     20  ...    . 

5 

11,000 

4 

44,500 

1 

75 

5,500'      88 

Weekly  Average 

5 

11,500 

5 

29,500 

1 

80 

1 

4,200 1    as 

Feb.  22  ...    . 

680 

95,000 

48 

150,000 

6 

88 

21,000  >      8fi 

**     23  ...   . 

320 

180,000 

200 

300,000 

70 

65 

67,000'      73 

"     24  ...   . 

250 

90,000 

250 

240,000 

96 

62 

28,000]      88 

**     25  ...   . 

160 

60,000 

190 

160,000 

80 

58 

15,000       91 

**     26  ...   . 

86 

61,000 

100 

260,000 

48 

52 

150,000       42 

•*     27  ...   . 

96 

51,000 

86 

74,000 

32 

63 

30,000     eo 

Weekly  Average 

265 

90,000 

146 

200,000 

55 

62 

52,000 

74 
mple 

Feb.  29  .... 

120 

280,000 

80 

440,000 

20 

75 

Nosa 

Average  for 

Month  of  Feb. 

84 

90,000 

48 

170,000 

16 

67 

35,000       79 

Feb.  29  .... 

120 

280,000 

80 

440,000 

20 

75 

No  sample 

March    1    .    .    . 

170 

90,000 

86 

250,000 

25 

71 

75,000 !      70 

2   .    .    . 

200 

280,000 

120 

430,000 

38 

68 

110,000!      74 

3   .    .    . 

150 

240.000 

130 

290,000 

40 

69 

130,000)      55 

4    .    .    . 

150 

45,000 

120 

95,000 

40 

67 

45,000 '      53 

5   .    . 

250 
175 

65,000 
140,000 

150 

65,000 

50 

66 

21,500 1      67 

Weekly  Average 

114 

230,000 

35 

69 
64 

76,000 

67 

March    7   .   .   . 

250 

100,000 

280 

250,000 

100 

88,000 

63 

8   .    .    . 

1500 

200,000 

750 

180,000 

320 

57 

49,000 

73 

9*     .    . 

1200 

No  sample 

1000 

170,000 

550 

45 

78,000 

54 

**       10*     .    . 

320 

50,000 

600 

60,000 

340 

43 

29,000 

5J 

•*       11*     .    . 

160 

15,000 

320 

40,000 

175 

45 

14,000 

65 

-       12*     .   . 

110 

Nosample 

160 

Nosample 

85 

47 

Nosai 

nple 
64 
61 

Weekly  Average 

590 

110,000 

520 

140,000 

260 

50 

50,000 

March  14*     .    . 

80 

13,000 

55 

19,000 

28 

49 

7,500 

'*       15   .    .    . 

28 

4,000 

38 

12,000 

16 

68 

4,500       62 

**       16   .    .    . 

38 

2,000 

32 

9,000 

16 

50 

1,800 1      80 

1 

*  Disturbance  occurred  owing  to  cleaning  some  of  tbe  scrubbers  and  sudden  ohangeeof  rate  inotb^iw 
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Results  op  Turbidity  and  Bactebioloqical  Examinations. — Continued. 


RiVKR  WaTBR. 

Reskbvoir  Watrb. 

Gkhebal  Efflubmt  of  Scrubbbbs. 

Dat«. 

Turbid- 

Bacteria. 

Turbid- 

Bacteria. 

Turbid- 
ity. 

Per 
cent,  re- 

Bacteria. 

Per 
cent,  re- 

ity. 

ity. 

moved. 

moved. 

1904. 

March  17   .    .   . 

38 

31,000 

38 

20,000 

16 

58 

5,700 

71 

•*       18   .    .    . 

70 

14,000 

32 

18,500 

13 

59 

5,600 

70 

'*       19   .    .    . 

450 

26,000 

125 

17,000 

48 

62 
56 

7,300 

57 

Weekly  Average 

117 

16,000 

53 

16,000 

23 

5,400 

66 

March  21    .   .   . 

250 

31,000 

125 

21,000 

50 

60 

5,000 

76 

**      22   .   .   . 

200 

28,000 

160 

21,000 

75 

53 

4,500 

79 

**      23   .   .    . 

80 

40,000 

160 

30,000 

70 

56 

12,000 

60 

**      24    .   .    . 

32 

20,000 

80 

46,000 

48 

40 

4,400 

90 

**      25   .    .    . 

30 

51,000 

«4 

63.000 

30 

63 

18,000 

71 

**      26   .    .    . 

25 

36,000 

48 

42,000 

16 

67 
55 

9,800 

74 

Weekly  Average 

103 

34,500 

106 

37,000 

48 

8,900 

76 

March  28  .   .   . 

15 

49,000 

22 

No  sample 

10 

55 

No  sample 

'*      29   .   .   . 

15 

37,000 

17 

67,000 

8 

53 

14,500]      78 

**      30   .   .   . 

13 

25,000 

15 

25,000 

6 

60 

6,400 1      74 

•*      31    .    .    . 

15 

No  sample 

15 

Nosample 

6 

60 

No  sample 

1 

Average  for 

Month  of  March. 

216 

62,000 

175 

94,000 

82 
10 

53 

26,500 

72 

March  28   .    .    . 

15 

49,000 

22 

Nosample 

55 

No  sample 

^'       29   .    .    . 

15 

37,000 

17 

67,000 

8 

53 

14,500       78 

'*      30   .    .    . 

13 

25,500 

15 

25,000 

6 

60 

6,400       74 

*»      31    .    .    . 

April    1     .    .    . 

"      2     .    .    . 

15 
13 

No 
samples 

15 
13 
90 

No 
Samples 

6 

6 

44 

60 
54 
51 

No 
samples 

Weekly  Awm|s;e 

31,000 

29 

46,000 

13 

55 

10,500 
7,100 

77 

April    4     ,    .    . 

12.=i 

28,0UQ 

160 

35,000 

70 

56 

ao 

"       5      .    ,    . 

GO 

8,  (KM* 

120 

43,000 

65 

46 

12,^00 

n 

♦*       6     ,    .    . 

32 

4.400 

90 

10,OC»0 

35 

61 

2,100'      79 

*'       7     .    .    . 

49 

9,51)0 

fi5 

8,500 

16 

71 

1,900 1      78 

"       8     ,    .    . 

2SI 

30,0WI 

50 

9,500 

32 

m 

IfcOCiO       711 

"       9     .    .    . 

22 

14,5(KJ 

38 

7,70U 

13 

m 

2,m 

^"^ 

Weekly  Average 

51 

15,500 

8&    1 

19,000 

37 

.0, 

J 

* 

April  n     .   .  . 

m 

38,500 

U 

ia,soo  ' 

1 
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Results  of  Tubbidity  and  Bagtebiological  Examinations. — OotUhmed. 


RiVRR  Water. 

Brsrrvoie  Watrr. 

Grnrral  ErFLURirr  of  Bcrnxmnati 

Datr. 

Tarbld- 

Bacteria. 

Turbld- 

itr. 

Bacteria. 

Turbid- 
ity. 

centre- 

BaeteriaL 

ily. 

moTed. 

,«^ 

1904. 

1 

April  12     .   .   . 

16 

13,000 

18 

6,500 

8 

56 

1,000 

63 

**     13     ... 

22 

17 

7 

59 

**    14     ... 

22 

No 

16 

No 

6 

62 

No 

**    15     ... 

samples 

16 

samples 

5 

69 

samples 

**    16     ... 

22 

8 

64 

1 

Weekly  Average 

20 

25,000 

19 

8,500 

7 

63 

12,000 

•'    « 

April  18     .   .   . 

No  sample 

20 

No  sample 

5 

75 

1 
No  sample 

"19     ... 

13 

7,500 

14 

2,400 

5 

64 

500 

79 

**    20     ... 

60 

1,800 

20 

1,000 

5 

75 

130 

87 

"21     ... 

14 

7,100 

25 

2,800 

5 

80 

400 

« 

**    22 

6 

3,800 

18 

900 

"23     ... 

7 

3,900 

16 

1,900 

t 

Weekly  Average 

29 

5,500 

20 

2,000 

5 

75 

340 

I      83 

April  25     .   .   . 

8 

7,500 

10 

4,200 

, 

"26     ... 

6 

13,500 

8 

7,200 

"27     ... 

7 

17,500 

12 

10,000 

"28     ... 

10    i     63.000 

12 

16,000 

t 

"29     ... 

8   1  No  sample 

10 

No  sample 

"30     ... 

10    1     50,000 

12 

29,000 

Weekly  Average 

8    j     30,500 

10 

13,500 

1 

Average  for 

1 
1 
1 

month  of  April.* 

14,500 

45 

12,500 

18 

60 

2,700 

78 

May   2  .   .   .   . 

12 

20,000 

10 

23,000 

No  a 

1 
unples 

"      3  .   .   .   . 

12 

30,000 

11 

16,000 

5 

55 

6,600 

59 

"      4  .   . 

12 

44,000 

8 

18,000 

3 

62 

5,300 

71 

"      5  .   .    .   . 
"      6  .   .   .   . 

No  sample 
taken 

6 

7 

No 
sample 

3 
3 

50 
57 

No  samples 

"      7  .   .    .   . 

11 

58,000 

7 

23,500 

3 

1 

57 

6,800 

71 

Weekly  Average 

12 

44,000 

8 

19,000 

3 

63 

6,200 

67 

May    9  ...   . 

11 

22,000 

6 

17,500 

2 

66 

5,100 

71 

**    10  ...   . 

10 

10,500 

5 

13,500 

' 

80 

1,700 

87 

t Scrubbers  put  out  of  serrice  in  order  that  raw  water  might  be  supplied  to  the  plain  slow  aaad 

rs  for  experimental  purpoees. 

*  Average  of  part  or  month  during  which  the  Scrubbers  were  in  serTioe. 
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Results  of  Tdbbidity  and  Bactebiological  Examinations. — Continued, 


1 

1 

Rivxm  Watkk. 

Rbsbrvoir  Watxb.  I  Grnskal  Eftluknt  opSckxtbbxks. 

Date. 

Turbid-, 

Bacteria. 

Turbid- 

Bacteria. 

Turbid- 

Per 
cenLre- 

Bacteria. 

Per 
cent,  re- 

1 

ity. 

ity. 

ity. 

moTed. 

moTed. 

1904. 

1 

May  11,   .   .   . 

12 

46,000 

6 

9,500 

1 

83 

3,000 

68 

**     12  ...    . 

10 

53,000 

6 

24,500 

1 

83 

3,500 

86 

*•     13  ...   . 

14 

31,600 

5 

12,500 

1 

80 

2,700 

78 

**    14  ...   . 

10 

28,000 

4 

13,000 

1 

75 

1,800 

86 

Weekly  Average 

11 

32,000 

5 

15,000 

1 

80 

2,900 

81 

May  16  ...   . 

10 

13,500 

4 

6,200 

1 

75 

520 

92 

*'    17  ...   . 

5 

5,000 

4 

6,800 

1 

75 

800 

88 

"    18  ...   . 

5 

12,500 

4 

4,300 

1 

75 

700 

34 

**    19  ...   . 

7 

19,500 

4 

16,500 

1 

75 

3,500 

79 

**    20  ...   . 

7 

34,500 

4 

14,000 

1 

75 

2,700 

81 

**    21  ...   . 

7 

31,000 

4 

15,000 

1 

75 

3,000 

80 

Weekly  Average 

7 

19,000 

4 

10,500 

1 

75 

1,800 

83 

May  23  ...   . 

4 

29,000 

3 

26,000 

1 

66 

1,600 

94 

''     24  ...    . 

4 

Liq. 

3 

23,500 

1 

66 

2,200 

91 

**    25  ...    . 

4 

ti 

4 

Liq. 

1 

75 

Liq. 

"    26  ...    . 

6 

34,500 

5 

14,000 

1 

80 

4,200 

70 

**    27  ...    . 

4 

9,700 

4 

11,000 

1 

75 

No  sample 

**    28  ...    . 

3 

27,000 

4 

24,000 

1 

75 

1,900 

92 

Weekly  Average 

4 

25,000 

4 

22,000 

1 

76 

2,500 

89 

May  30  .   .   .   . 

4 

No  sample 

4 

No 

1 

76 

1 
No 

**    31  ...   . 

60 

44,000 

9 

sample 

1 

89 

sample 

Average  for 

month  of  May  . 

10 

29,000 

5 

15,500 

1 

80 

3,000 

81 

DISCUSSION. 
Henrt  Lepfmann. — In  regard  to  the  figures  showing  relation  of  bacteria 
to  turbidity,  it  shoiild  be  noted,  in  the  first  place,  that  the  latter  datum  is  de- 
termined by  methods  which  are  satisfactory  in  themselves  as  a  standard,  wi- 
the tests  are  nimierous  and  have  been  carried  on  for  a  considerable  period 
they  do  not  necessarily  have  any  proper  relations  to  the  number  of  the  bar 
Determining  a  particular  degree  of  turbidity  in  comparison  with  the  b 
may  be  simply  making  comparison  between  two  nattirally  H*—-*-^"-*' 
The  turbidity  is  determined  in  this  city  by  the  silica-standr 
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in  distributing  through  a  volume  of  water  known  quantities  of  silica.  There  arv 
other  methods ;  each  is  satisfactory  when  compared  with  itself »  but  none  is  ab- 
solute. The  degree  of  turbidity  is  liable  to  mis-estimation — if  I  may  be  allowed 
to  coin  the  word — in  consequence  of  the  variation  of  the  suspended  matters  m 
color  and  in  composition. 

Secondly,  it  must  be  borne  in  mind  that  the  whole  question  of.  countmf 
bacteria  in  water  is  in  an  imsatisfactory  state.  In  spite  of  the  larige  amount 
of  work  done  in  this  field,  the  methods  are  not  yet  standard  or  absolute;  they  are 
only  relative.  The  methods  of  culture  and  many  other  questions  enter  into  the 
determination  of  the  absolute  number.  Moreover,  as  I  understand  it,  these 
are  mere  microbe  countings.  There  b  no  attempt  to  differentiate  the  bacteria. 
They  are  cultivated  according  to  a  standard  method  and  at  standard  temperature, 
and  the  character  of  the  water  varies  from  day  to  day.  The  water  may  count 
ten  thousand  bacteria  to  the  cubic  centimeter  one  day,  and  twenty  thousand  the 
next  day,  yet  both  samples  may  have  the  same  number  of  bacteria  in  them, 
because  the  viability  of  the  organbms  may  differ  on  the  two  days.  One  set  may 
grow  better  than  the  other.  There  is  no  reason  to  be  surprised  at  the  want  ol 
coincidence  between  the  figures  for  bacteria  and  tiu'bidity.  Inferences  have 
been  drawn  from  earlier  investigations,  but  they  do  not  apply  to  the  later  period. 
When  water  lies  in  a  reservoir  subject  to  sunshine,  the  temperature  rises,  and 
temperature  has  a  very  marked  effect  upon  the  growth  of  the  bacteria.  When 
water  is  quite  cold,  the  bacterial  growth  b  feeble.  In  the  case  of  a  small  town, 
in  the  interior  of  the  State,  some  years  ago,  the  water  commissioners  were  very 
anxious  to  have  a  bacterial  count  made  of  the  water  from  the  river  and  of  the 
effluent  of  a  small  coagulation  plant  put  in  for  purification.  I  advised  them  thai 
it  would  be  hardly  worth  while  to  make  the  count  at  that  time,  because  the 
bacteria  in  the  river  would  probably  be  very  low,  the  weather  being  very  cold. 
The  result  was  twenty  bacteria  to  the  cubic  centimeter  cultivated  in  the  ordinary 
methods  in  the  river-water  and  twenty-two  in  the  filtered  water.  While  this 
did  not  mean  anything  to  the  bacteriologist,  it  meant  a  serious  disappointment 
to  the  water  commissioners.  When  we  deal  with  enormous  numbers  we  have 
again  sources  of  serious  imcertainty.  In  reservoirs  the  water  becomes  warm 
and  the  bacteria  grow  with  great  speed,  and  a  count  taken  after  a  few  hours  in 
this  condition  will  show  very  high  figures.  On  the  other  hand,  many  bacteria 
are  killed  by  the  action  of  the  sunlight,  and  if  the  samples  are  taken  from  no 
great  depth  in  the  reservoir,  the  count  may  be  very  low  because  of  ihe  sunshine. 
All  these  facts  must  be  kept  in  view  in  collecting  data  of  this  kind.  For  any 
series  of  observations  the  data  are  capable  of  interpretation  among  themselves, 
but  are  not  capable  of  application  to  other  investigations  made  imder  different 
conditions. 

Dr.  Robin. — I  was  speaking  to  Mr.  Maignen  to-day  of  the  methods  which  I 
employ  in  the  bacteriological  examination  of  water  and  which  are  along  the 
lines  suggested  by  Dr.  Leffmann,  namely,  that  an  attempt  is  made  to  separate 
as  far  as  possible  saprophytic  from  pathogenic  bacteria  by  growing  the  plates 
at  high  temperature  (38°  to  40**  C.)  and  making  use  of  various  culture-media. 
I  make  use  of  lactose  agar  plates  which  are  rendered  anaerobic  by  covering  the 
mediimi  with  a  layer  of  agar-jelly;  also  lactose  agar  containing  0.1  per  cent,  of 
carbolic  acid.    The  comparative  counts  on  gelatin  and  on  the  above  media  give 
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aji  inkling  as  to  the  character  of  the  bacteria  present  in  the  water.     So  far  this 
differential  method  has  given  me  satisfactory  results. 

Wm.  R.  Copeland. — Our  methods  of  making  bacteriological  tests  upon  water 
may  be  divided  into  two  classes :  by  the  first  series  of  tests  we  determine,  in  a 
general  way,  how  many  bacteria  are  present  in  a  known  volume  of  the  water — for 
instance,  in  a  cubic  centimeter  of  the  water.  By  the  second  series  of  tests  we  de- 
termine whether  sewage  bacteria — that  is  to  say,  bacteria  which  are  common  in 
sewage — are  present. 

In  order  to  study  bacteria  it  is  necessary  to  bring  them  under  our  control. 
They  are  very  small,  and  often  very  active  organisms.  Should  we  place  them 
under  a  microscope,  in  a  drop  of  water,  they  would  swim  out  of  sight,  or  several 
individuals  would  become  tangled  together  in  a  mass  and  make  it  impossible 
to  distinguish  one  from  another.  If,  however,  a  cubic  centimeter  of  the  water 
under  observation  is  placed  in  a  mixture  of  melted  gelatin,  beef-juice,  and 
peptone,  the  gelatin  will  harden  into  a  stiff  layer  which  holds  the  individual 
bacteria  in  a  spot  separate  from  his  fellows.  As  the  beef-juice  and  peptone  are 
materials  upon  which  the  bacteria  can  feed  and  grow,  the  little  organisms  begin 
at  once  to  multiply.  After  a  day  or  two  the  process  of  increasing  will  have 
developed  to  such  a  degree  that  a  colony  composed  of  thousands  of  individuals 
appears  where  originally  only  a  single  cell  existed  These  colonies  can  be  seen 
readily  by  the  naked  eye  and  can  be  counted.  By  counting  the  number  of  col- 
onies, then,  we  can  estimate  how  many  single  bacterial  cells  existed  in  the  original 
cubic  centimeter  of  water. 

Dr.  Leffmann  has  said  that  it  is  a  matter  of  considerable  difficulty  to  make  the 
gelatin  culture-medium,  and  that  different  batches  of  the  mediimi  may  vary  so 
much  from  one  another  in  their  composition  that  the  numbers  of  bacteria  foimd 
in  two  separate  tests  will  not  always  be  the  same.  The  amount  of  acid  which 
the  gelatin  contains  is  an  important  factor.  For  instance,  if  I  make  use  of  a 
gelatin  which  contains  1  per  cent,  of  acid  and  Dr.  Robbins  uses  a  gelatin  which 
contains  2  per  cent.,  the  bacteria  which  find  2  per  cent,  favorable  for  growth  will 
develop  in  greater  numbers  upon  his  gelatin  than  they  will  upon  mine.  If  we 
make  tests  upon  the  same  sample  of  water,  and  if  the  bacteria  present  belong  to 
species  which  grow  better  in  2  per  cent,  than  in  1  per  cent,  of  acid,  he  will  report 
that  the  water  contains  more  bacteria  per  cubic  centimeter  than  I  shall  find. 
As  a  result  of  long  and  careful  study,  however,  bacteriologists  have  come  to  the 
point  at  last  of  using  a  nutrient  mediimi  made  under  standard  conditions.  As 
a  result  of  this  it  is  possible  nowadays  to  make  samples  of  culture-media  which 
are  so  much  alik.  in  composition  thnt  about  the  sumv  nimi tiers  and  kinds  of 
bacteria  will  develop  one  year  that  gn^w  the  lant. 

If,  then,  we  colJprt  one  wirrijilo  of  wnter  from  tlie  river,  wiother  from  the 
reservoir,  and  a  third  from  tb^  t^tllupnt  of  th<?  filter*,  mix  them  with  portions  of 
our  standard  nutrieut  gelatin ,  grow  them  imdcr  th«  sairi*'  ■  'Tirlitions  of  t*?niptvra- 
ture,  period  of  cultivation,  and  geneml  lalforaitory  jnaui^  .  the  numbfTH  of 

bacterial  colonies  whicli  develop  can  be  L-cmipttrad;  iha-  id^iW  colonies 

develop  in  the  gf.latirj  seeded  with  riv«fr»wair^r  aAil  m*  ■^■favelopHi  in 

the  gelatm  seeder!  with  filtered  water,  It  prov«it  lU*         .^J^    ^tm^d  i\\v 
other  99  bacteria  present  in  the  uiirtltprt-d  w^it  i  r     '  -^\\u      ^^m         ^IQO,  or  t>0 
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per  cent,  of  the  bacteria  in  the  river-water  were  filtered  out.  This  is  what  wm 
mean  when  we  say  that  the  filters  remove  99  per  cent,  of  the  bacteria. 

It  is  important,  however,  to  determine  not  only  how  many  bacteria  of  al 
kinds  are  present  in  water,  but  also  whether  the  water  contains  bacteria  that  ir 
characteristic  of  sewage.  Sewage  contains,  among  other  things,  the  feeal  maUer 
discharged  from  the  intestines  of  human  beings  into  water-closets.  As  tfau 
fecal  matter  contains  thousands  of  the  bacteria  which  live  in  the  intestine,  the» 
organisms  pass  into  the  sewage  with  the  fecal  matter.  As  typhoid  germs  live  m 
the  intestines  of  persons  suffering  with  this  disease,  they  pass  into  the  sewage, 
as  well  as  other  kinds  of  bacteria  in  the  evacuations  from  typhoid  patients.  Tbe 
typhoid  baciUus  b  difficiilt  to  identify  in  wHter  because  we  cannot  subject  tbt 
organism  (after  it  has  been  isolated)  to  the  crucial  test  of  introducing  it  into  tl» 
body  of  a  hiunan  being  and  noting  that  it  produces  the  disease.  For  that 
reason  we  do  not  undertake  to  find  typhoid  bacilli  in  water,  but  rest  content  witk 
himting  for  other  organisms  which  are  foimd  in  fecal  matter.  The  species  d 
bacteriiun  referred  to  is  called  the  Bacillus  coli  communis.  This  organism  ca& 
be  identified  because  it  forms  certain  characteristic  reactions.  For  fnntanrr, 
it  will  grow  at  the  temperature  of  the  body,  which  is  37  degrees  Centigrade. 
It  will  produce  acid  in  the  presence  of  milk-sugar;  this  acid  can  be  detected  by  the 
fact  that  it  will  turn  litmus  from  blue  to  red ;  the  colon  bacillus  will  f^xnent  a 
solution  of  sugar,  forming  carbonic  acid  gas,  hydrogen,  etc.  Hie  bacillus  w31 
turn  milk  sour,  making  it  ciuxUe,  etc.,  etc. 

The  majority  of  bacteria  found  in  a  river-water  came  from  the  fields  and 
woods.  These  organisms  will  not  grow  at  the  temperature  of  the  body.  If. 
then,  we  make  a  mixture  of  the  water  to  be  tested  with  a  mixture  of  agar,  bed- 
juice,  litmus,  etc.,  and  place  them  at  the  temperatiu^  of  the  body  in  an  incu- 
bator, the  soil  forms  will  not  grow  but  the  fecal  bacteria  will.  In  that  way  we 
eliminate  the  great  nmnbers  of  bacteria  contained  in  river-waters,  such  numben 
as  you  have  seen  thrown  on  the  screen  to-night.  For  instance,  I  saw  one  number 
there  of  160,000  per  cubic  centimeter.  It  is  not  imusual  to  find  as  many  as  that 
when  the  river  is  muddy.  Wlien,  however,  we  put  such  a  water  as  that  at  37 
degrees  Centigrade,  the  nimiber  of  bacteria  which  develop  will  be  reduced  to  200 
or  perhaps  300  per  cubic  centimeter;  moreover,  as  the  fecal  bacteria,  for  which 
we  make  tests,  form  acid  in  the  ciilture-medimn,  the  colonies  of  the  Bacillus  coO 
communis  will  be  red,  because  they  produce  an  acid  which  turns  the  litmus  agar 
from  blue  to  red.  In  view  of  the  fact  that  the  Bacillus  coli  communis  is  not  the 
only  intestinal  organbm  which  will  turn  the  litmus  red,  it  b  necessary  to  subject 
the  bacteria  which  form  red  colonies  to  the  series  of  tests  noted  above — that  is, 
to  sugar  solutions,  milk,  etc.  If  the  bacteria  which  turned  the  Utmus  red  give 
the  proper  reactions  in  the  control  tests,  it  is  evident  that  the  Bacillus  coli  com- 
mimis  was  present  in  the  water.  As  the  typhoid  baciUus  comes  from  the  same 
locality  as  the  colon  bacilli,  if  we  find  the  latter  in  the  water  the  typhoid  may 
be  there  also.  We  make  tests  upon  the  filtered  water  at  frequent  intervals,  and 
the  typhoid  statistics  of  the  Third  Ward  bear  out  the  findings  of  our  laboratory 
tests,  for  the  cases  of  typhoid  fever  have  been  reduced  by  about  75  per  cent, 
in  the  portion  of  the  Germantown  district  which  has  received  filtered  water 
continuously  for  the  past  year. 

With  regard  to  the  nimibers  of  bacteria  in  the  reservoir  water,  I  must  take 
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exception  to  Dr.  Leffmann's  suggestion  that  they  are  higher  in  the  reservoir  than 
in  the  river,  because  the  water  is  warmer  in  the  reservoir  than  in  the  river;  and 
that  the  bacteria  grow  in  the  warmer  water.    Mr.  Maignen  has  pointed  out  that 
these  high  numbers  were  found  during  the  cold  weather  in  the  winter.     During 
the  winter  months  the  reservoir  was  covered  with  ice  and  the  temperature  of  the 
Tivater  in  the  reservoir  was  the  same  as  that  in  the  rivera.     For  that  reason  we 
must  find  some  other  explanation  for  the  differences  in  the   niunbers.     The 
probable  explanation  is  that  the  samples  do  not  represent  the  same  water.    The 
reservoir  has  considerable  storage  capacity — perhaps  two  or  three  da3rs.    The 
floods  come  so  suddenly  in  the  river  and  are  of  such  short  duration  that,  while 
to-day  there  may  be  only  6000  bacteria  in  a  cubic  centimeter,  to-morrow  there 
may  be  50,000,  and  the  next  day  only  15,000.     When  this  water  is  piunped  into 
the  reservoir  it  will  affect  the  water  stored  there  to  such  a  degree  that  the  numbers 
of  bacteria  will  be  higher  in  the  reservoir  on  the  day  after  a  flood  has  passed 
down  the  river  than  they  are  in  the  river  at  the  same  time.     For  that  reason,  as 
Dr.  Leffmann  said,  it  is  not  safe  to  depend  upon  a  single  test,  but  the  tests  should 
be  continued  over  a  series  of  days.    We  get  the  greatest  value  from  our  tests  by 
comparing  the  results  of  to-day  with  those  of  yesterday,  or  of  the  winter  with 
those  of  the  summer,  rather  than  by  comparing  two  tests  made  on  the  same  day. 
George  R.  Henderson. — I  have  heard  remarks  about  the  cost  of  filtration 
plants,  reservoirs,  and  bacteria,  and  it  has  occurred  to  me  that  periiaps  it  would 
be  an  advantage  to  consider  the  thing  in  a  little  different  light.     What  is  the 
object  in  removing  bacteria  from  water  that  is  to  be  \ised  for  washing  buggies, 
putting  out  fires,  sprinkling  streets,  etc.?    Why  should  we  have  any  bacteria  in 
the  water  that  we  wish  to  drink  or  cook  with?    From  the  figures  which  Mr. 
Maignen  furnished  us  it  is  apparent  that  something  over  two  hundred  gallons 
of  water  per  day  per  capita  are  used  in  this  city.     It  is  probably  a  conservative 
statement  that  not  over  two  gallons  a  day  are  \ised  for  drinking  or  cooking;  which 
would  be  1  per  cent.     Why  would  it  not  be  good  policy,  in  planning  new  water- 
works, to  give  large  quantities  of  unfiltered  water  that  could  be  \ised  for  sprinkling 
streets,  putting  out  fires,  cleaning  closets,  etc.,  and  then  to  fumbh  a  small  supply 
of  steriUzed  water,  which  could  be  boiled,  or,  if  that  is  not  sufficient,  distilled 
water?    This  might  be  furnished  in  a  small  S3rstem  of  pipes  and  mains  which 
could  be  put  in  the  same  trench  with  the  large  pipes  and  introduced  at  the  same 
time.     While  I  have  not  made  any  figures,  it  seems  to  me  the  cost  of  this  extra 
small  piping  and  the  very  small  installation  needed  for  purification  would  cer- 
tainly be  less  than  the  enormous  expense  of  filter  beds  and  reservoirs;  we  could 
then  do  away  with  reservoirs  altogether,  which  are  considered  to  be  breeders 
of  bacteria,  and  by  using  what  has  been  generally  termed  the  HoUey  system,  we 
could  pump  direct  into  the  mains  and  deliver  every  day  as  needed.     I  would  be 
glad  to  have  any  criticisms  on  this  suggestion. 

Mr.  Copbland. — I  would  like  to  say,  with  regard  to  the  remarks  of  the  gentle- 
man who  has  just  been  speaking,  that  the  duty  of  the  commimity  is  to  protect 
the  lives  of  its  citizens.    The  duty  of  the  manufacturer  should  be  to  protect  the 
lives  of  his  employees.     It  is  not  always  possible,  however,  for  the  manufa*^ 
to  meet  that  requirement.    For  instance,  if  we  have  two  supplies  of  wa^ 
town,  one  of  them  being  purified  for  drinking-water  and  the  other  left  un 
it  is  unfortunately  true  that  many  of  the  people  in  the  community  v 
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from  that  iinpurified  supply,  in  spite  of  all  precautions,  signs,  warning,  or  anj- 
thing  that  the  Board  of  Health  or  that  the  manufacturer  or  that  a  man's  hes. 
friend  can  do  to  prevent  it. 

Mr.  Maionen. — It  does  seem  a  very  strange  thing  to  use  sterile  water  f«r 
sprinkling  purposes.  There  are  in  Paris  two  sets  of  watei^pipes,  one  for  the  is* 
river-water,  the  other  for  spring-water,  which,  by  the  way,  is  not  altogetber  astb- 
factory.  Most  of  the  springs  are  shallow  and  they  become  easily  poQuted  in 
times  of  rain,  and  every  now  and  then  typhoid  fever  appears  among  ^^  p<^>ab- 
tion  in  Paris  who  drink  this  so-called  spring-water.  The  typhoid  fever  will  boi 
be  stopped  in  Paris  any  more  than  anywhere  else  until  all  the  water  intended  lor 
drinking,  whatever  may  be  its  origin,  is  filtered  with  great  care. 
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ABSTRACT  OF  MINUTES  OF  THE  CLUB. 


Regular  Meeting,  April  2,  1904. — President  Carl  Bering  in  the  chair. 
Seventy-six  members  and  visitors  present. 

Dr.  Henry  Leffmann  gave  a  short  account  of  "The  New  Geometry."  Mr. 
Harrison  Souder  presented  a  paper  on  **  The  Failure  of  the  Oakford  Park  Dam 
at  Jeannette,  Pa." 

Regular  Meeting,  April  16,  1904. — President  Carl  Bering  in  the  chair. 
Ninety  members  and  visitors  present. 

The  death  of  E.  Percy  Teal  was  announced. 

Mr.  P.  J.  A.  Maignen  presented  a  paper  on  *'  The  Lower  Roxborough  Prelimi- 
nary Filters." 

Business    Meeting,  May  7,   1904. — President  Carl   Hering  in   the  chair. 
Seventy-eight  members  and  visitors  present. 
The  death  of  C.  P.  Weaver  was  announced. 

Professor  A.  Vosmaer,  visitor,  presented  the  subject  of  "  The  Sterilization  of 
Water  by  Ozone." 

The  Tellers  reported  the  election  of  Messrs.  Francis  H.  Albright,  J.  A.  P. 
Crisfield,  Ad.  Fischer,  and  George  L.  Miller  to  active  membership. 

Regular  Meeting,  May  21,  1904. — President  Carl  Hering  in  the  chair. 
Eighty  members  and  visitors  present. 

Mr.  C.  H.  Ott  gave  "  Some  Examples  of  Recent  Sewer  Construction  by  the 
City  of  Philadelphia,"  and  Mr.  Charles  Day's  paper  on  "  The  Individual  Opera- 
tion of  Machine  Tools  by  Electric  Motors  "  was  read  by  Mr.  Harold  T.  Moore. 
Regular  Meeting,  June  4,    1904. — President  Carl   Hering  in  the  chair. 
Seventy-two  members  and  visitors  present. 

The  Nominating  Committee  selected  by  the  Board  of  Directors  was  announced 
as  follows:  Edwin  F.  Smith,  Chairman;  L.  Y.  Schermerhom,  Wm.  H.  Robinson, 
E.  M.  Nichols,  and  F.  E.  Dodge. 

Mr.  S.  S.  Sadtler  presented  some  "  Notes  on  the  Use  of  Lutes,"  and  Colonel 
E.  D.  Meier  explained  the  "Recent  Developments  in  the  Diesel  Engine,"  Mr 
John  D.  MacPherson  participating  in  the  discussion  which  followed. 
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Regular  Meeting,  April  16,  1904. — Present:  The  President,  Vice-Prea- 
dents  Foster  and  McBride,  Directors  Bonner,  Leiper,  Loomis,  Davis,  and  £^sbT, 
and  the  Treasurer  and  Secretary. 

The  Treasurer's  report  showed: 

Balance,  February  28, $2785.38 

Mareh  receipts, 561 .  25 

$3346.63 
Mareh  disbursements, 331.83 

Balance,  March  31, $3014.80 

The  President  annoimced  the  appointment  of  the  following  comiiuttees: 
Park  System:  George  S.  Webster,  Chairman;  L.  Y.  Schermerhom,  H.  G.  Monk, 
Wm.  Easby,  Jr.,  Thos.  C.  McBride,  and  Harrison  Souder.  Extension  of  Cow- 
tesies  to  Foreign  Engineers:  James  Christie,  Chairman;  John  Birkinbine,  Jobi 
C.  Trautwine,  Jr.,  L.  Y.  Schermerhom,  J.  M.  Dodge,  John  H.  Converse,  and 
Charles  H.  Cramp. 

The  question  of  reinstating  resigned  members  having  been  brought  up,  it 
was  resolved  that  the  sense  of  the  Board  is  that  resigned  members  must  be  r^ 
elected. 

Regular  Meeting,  May  21,  1904. — Present:  The  President,  Vice-President 
Foster,  Directors  Leiper,  Loomis,  Davis,  Devereux,  Easby,  and  the  Treasorer 
and  Secretary. 

The  President  announced  the  appointment  of  the  following  committees: 
Committee  to  Urge  Local  Members  of  the  A.  I.  E,  E.  to  Become  Members  of  the  Chtb: 
Horatio  A.  Foster,  Chairman ;  Wm.  C.  L.  Eglin,  and  Charles  Hewitt.  Committee 
to  Urge  Local  Members  of  the  A.  S.  C.  E.  to  Become  Members  of  the  Club:  L.  Y. 
Schermerhom,  Chairman;  James  Christie,  and  George  S.  Webster.  Committef 
to  Urge  Local  Members  of  the  A,  S.  M.  E.  to  Become  Members  of  the  Cluh:  H.  W. 
Spangler,  Chairman;  W.  P.  Dallett,  T.  Carpenter  Smith,  S.  Kncass,  C.  Day. 
W.  Lewis,  and  G.  T.  Gwilliam. 

The  Treasurer's  report  showed : 

Balance,  March  31, $3014.80 

April  receipts, 297.96 

$3312.76 
April  disbursements, 657.36 

Balance,  April  30, $2655.40 

Subscription   to  the   International   Engineering  Congress  was  authorised, 
so  that  the  Proceedings  of  the  Congress  would  be  received  for  the  Library. 
A  letter  was  read  from  the  Girard  Estate  for  a  renewal  of  the  lease  for  the 
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Club  House  for  three  months  only,  and  the  President  and  Treasurer  were  directed 
to  sign  a  lease  for  that  term. 

Spscial.  Meeting,  June  3,  1904. — Present:  The  President,  Vice-President 
McBride,  Directors  Bonner,  Loomis,  Davis,  and  the  Treasurer  and  Secretary. 

The  President  annoimced  the  appointment  of  a  Committee  to  Urge  Local 
Members  of  the  A,  I.  M.  E.  to  Become  Members  of  the  Club,  as  follows:  Benj. 
Smith  Lyman,  Chairman;  George  C.  Davis,  and  S.  E.  Fairchild,  Jr. 

The  Treasurer's  report  showed : 

Balance,  April  30, $2655.40 

May  receipts, 331.00 

$2986.40 
May  disbursements, 875.06 

Balance,  May  31, $2011.34 

The  President  and  Treasurer  were  authorized  to  sign  a  lease  for  the  Club 
House  for  one  year  from  October  1,  1904. 

The  personnel  of  the  Nominating  Conunittee  was  selected  as  follows :  Edwin 
F.  Smith,  Chairman;  L.  Y.  Schermerhom,  Wm.  H.  Robinson,  E.  M.  Nichols, 
and  F.  E.  Dodge. 
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From  Metropolitan  Water  and  Sewerage  Board,  Bosxos. 
Third  Annual  Report,  1904. 

From  Carl  Hering,  Philadelphia. 
Conversion  Tables,  Hering. 

From  Henry  L.  Doherty,  Denver,  Colo. 
Question  Box  of  the  Ohio  Gas  Light  Association,  1904. 

From  the  City  Parks  Association  op  Philadelphia. 
Sixteenth  Annual  Report,  1904. 

From  J.  H.  Bridge,  New  York. 
The  History  of  the  Carnegie  Steel  Company,  1903. 

From  A.  J.  Cassatt,  President  Pennsylvania  Railroad. 
Contract  Orawings,  Specifications,  etc.,  for  the  work  in  Connection   with 
the  New  York  Terminal  of  Pennsylvania  Railroad. 

From  Peabody  Coal  Company,  Chicago. 
The  Economical  Burning  of  Coal  without  Smoke,  A.  Bement,  1904. 

From  Continuois  Rail  Joint  Company  of  Americ.\,  Newark. 
Russo-Japanese  War  Atlas,  1904. 

From  Geological  Survey  of  Ohio,  Columbu:*,  Ohio. 
Bulletin  No.  1,  Fourth  Series,  1903. 
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PROCEEDINGS 

OF 

The  Engineers'  Club 

OF   PHILADELPHIA. 

ORGANIZED  DECEMBER  17,  1877.  INCORPORATED  JUNE  9,  1892. 

Note. — The  Club,  as  a  body,  is  not  responsible  for  the  statements  and  opinions 
advanced  in  its  pnblications. 
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ERRATA,  Vol,  XXI,  No.  3. 


Paice  220,  line  14  from  bottom,  read  1653  inatead  of  1S2. 

Page  220,  line  15  from  bottom,  read  71,424,000  instead  of  7366,936,  and  9920 
instead  of  1092. 


I 


fiftv  vt*an?  after  his  df*ath.  and,  whvn  the  rosetitnionts  of  two  wars  and 
international  antagonism  might  be  expected  to  be  active,  the  great 
historian,  Macaiilay  (who  cannot  be  suspected  of  any  undue  admira- 
tion for  America  or  Americans)  named  George  Washington  as  a  type 
of  the  stainless  politician.  Even  the  great  abuser  of  colonial  states- 
men, who  calls  Jefferson  "timid  and  vacillating,"  Madison  *' helpless,*' 
and  Monroe  "foolish,''  and  who,  in  disregard  of  both  the  facts  of 
histor\'  and  decencies  of  historical  discussion,  has  called  one  of  the  most 
active  of  revolutionary  patriots  "  a  filthy  little  atheist, "  has  words  of 
approval  for  Washington. 
The  military  and  political  incidents  in  Washington's  life  have  been 
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GEORGE  WASHINGTON  AS  AN  ENGINEER.     ^ 

HENRY   LEFFMANN. 
Head  Srptember  17,  190L  ^ 

Georgk  Washington.  (Jeneral  of  the  armies  of  the  Continental 
Congress,  President  of  the  Constitutional  Convention,  and  first  Presi- 
dent of  the  United  States,  is  conspicuous  among  the  heroes  of  all  times 
and  places.  Few  men  have  exhibited  such  strength  of  character 
united  with  sincerity  and  simplicity  of  method;  few  men  have  deserved 
and  received  such  great  respect  and  admiration  for  their  qualities. 
Even  some  of  those  who,  by  descent,  might  be  expected  to  feel  enmity 
toward  him  have  been  prominent  in  declaring  his  virtues.  Less  than 
fifty  years  after  his  death,  and,  when  the  resentments  of  two  wars  and 
international  antagonism  might  be  expected  to  be  active,  the  great 
historian,  Macaulay  (who  cannot  be  suspected  of  any  undue  admira- 
tion for  America  or  Americans)  named  George  Washington  as  a  type 
of  the  stainless  politician.  Even  the  great  abuser  of  colonial  states- 
men, who  calls  Jefferson  "  timid  and  vacillating,"  Madison  "helpless/' 
and  Monroe  "foolish,"  and  who,  in  disr^ard  of  both  the  facts  of 
histor\'^  and  decencies  of  historical  discussion,  has  called  one  of  the  most 
active  of  revolutionar\'  patriots  "  a  filthy  little  atheist, "  has  words  of 
approval  for  Washington. 

The  military  and  political  incidents  in  Washington's  life  have  been 
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116  MillS'-Concrete. 

minerals  mingled  with  oxide  of  iron,  in  most  if  not  all  of  the  gravels 
and  sands  furnished  for  use  in  this  city  for  construction  purposes,  it 
might  be  better  to  fix  a  limit  for  the  proportion  of  such  materials 
as  would  be  allowed.  Such  a  limitation  would  be  helpful  to  inspectors, 
and  obviate  the  always  objectionable  feature  of  an  inoperative  re- 
quirement in  the  specifications.  Perhaps  after  a  proper  limit  had 
been  determined,  a  standard  turbidity  tube  for  quick  determinations 
by  inspectors  would  be  convenient,  such  test  to  be  confirmed,  when 
necessary,  by  more  exact  methods.  Loam  proper,  containing  organic 
matter,  recognizable  by  the  color,  should  be  rigidly  excluded,  and  the 
more  nearly  sand  and  gravel  consists  of  clean  silicious  materitd,  the 
safer  it  is  for  use.  Further  reference  to  the  effect  of  the  presence  of 
loam  in  sand  and  gravel  will  be  made  in  the  following  description  of 
a  few  tests,  made  in  the  laboratory  of  the  Philadelphia  Rapid  Transit 
Co.,  the  results  of  which  will  be  shown  on  a  slide. 

The  tests  were  made  on  briquettes  of  the  standard  form,  to  observe 
the  results  of  mixtures  made  with  Portland  cement  and  gravel  from 
the  excavation  in  Market  Street,  Jersey  gravel,  stone  grits,  and  stone 
dust,  and  are  shown  as  an  illustration  of  the  system  of  testing  in  use, 
to  control  the  selection  and  use  of  materials. 

A  gravel  was  found  in  the  excavation  for  the  side-wall  and  sewer, 
on  the  south  side  of  Market  Street,  where  the  work  is  now  in  progress, 
well  graded  in  size,  and  superior  in  this  respect  to  any  gravels  from 
other  sources  offered  for  use.  After  screening,  it  fulfilled  the  require- 
ments for  "coarse  §and  or  gravel,  graded  from  coarse  to  fine  to  reject 
all  particles  exceeding  ^  inch  in  diameter,"  as  required  by  the  specifi- 
cations for  use  with  crushed  stone  in  concrete,  except  in  the  particular 
as  to  its  freedom  from  loam.  The  Jersey  gravels  offered  for  use  con- 
tained too  small  a  proportion  of  coarse  particles  and  a  large  proportion 
of  fine,  apparently  quite  uniform  in  size,  and  contained  from  10  to 
30  per  cent,  of  the  fine  clayey  and  decomposed  mineral  matter  associ- 
ated with  oxide  of  iron  referred  to  above,  and  which,  for  brevity, 
will  be  termed  '*  loam  "  in  the  following. 

Some  of  the  tests  were  made  to  determine  the  effect  of  the  loam 
as  found  in  the  excavation  gravel,  and  the  effect  of  using  the  gravel 
without  washing.  The  results  of  some  of  these  tests  are  given  in 
the  following  table.  The  averages  for  the  several  groups  of  briquettes 
are  given,  and,  in  accordance  \\ith  request,  also  the  individual  result 
from  each  briquette,  as  it  may  be  desired  to  compare  the  individual 
results  A^ith  the  averages. 


TESTS  OF  BRIQUETTES  OF  GRAVELS  AND  GRITS  WITH 
VARYING  PERCENTAGES  OF  "LOAM." 


Matkbial. 


f 


A.  Neat  Portland  Cement  (used  in  these  I 
tests).  I 


Average . 


B,  Standard  Quartz  Sand  (used  in  labo- 
ratory)— 1  cement  to  3  sand. 


Average  . 


TXMPKRA- 
TUBK. 


< 
65 


5 
63 


^ 


1 


21.0 


65      63 


C.   Excavation   Gravel,   unwashed,   im-      25 
screened — 1  cement  to  3  gravel. 


Average 


D.  Excavation     Gravel,     washed,     im-  i      3 
screened — 1  cement  to  3  gravel. 


Average  . 


E.   Excavation  Gravel,  unwashed,  screen-  I  25.2 
ed — 1  cement  to  3  gravel.  ! 


Average  . 


F.  Excavation  Gravel,  washed,  screened  I    3.2 
— 1  cement  to  3  gravel.  , 


Average  , 


G.  Trap  Rock  Dust  (with  28  per  cent.  I  16.4 
retained  on  No.  20  sieve) — 1  ce-  ' 
ment,  3  grit.  , 


Average  , 


0.9 


65 


65 


65 


65 


65 


63 


63 


63 


63 


63 


10.7 


13.7 


11.2 


15.0 


*  Not  included  in  average. 
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546 
468 
564 
530 


846 
618 
811 
761 
..  I  938 
..   1199 
527   862 


11.2 


225 
211 
197 
210 


211 


1  187 

280 

'  181 

264 

1  165 

225 

'  168 

285 

266 

1 

257 

175 

263 

133 

296 

i  272 

327 

1  234 

326 

1  194 

337 

1 

293 

1  208 

316 

269  327 

207  I  346 

215  I  375 

228  353 

..  375 

230'  I  355 


244 
219 
190 
225 


219 


368 
361 
355 
308 
328 
290 
335 

420~ 

350 

152* 

382 

325 

356 

367 


200   373 
221  j  381 


220 
212 


213 


411 
390 
392 
366 
385 
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TESTS  OF  BRIQUETTES  OF  GRAVELS  AND  GRITS  WITH  VARYING 
PERCENTAGES  OF  ''LOAU.''— (Continued.) 


Material. 


H,  Trap  Rock  Grit — 1  cement,  3  grit. 


Average . 


J,   Crushed   Trap   Rock — 1    cement,    3 
crushed  rock. 


Average . 


U 


11.4 


K.  Trap  Rock  Grit  and  Excavation 
Gravel,  unwashed,  screened — 1  ce- 
ment, li  grit,  IJ  gravel. 


Average  . 


L.  Jersey  Bank  Gravel,* — 1  cement,  3     11 
gravel. 


Average  . 


M,  Jersey  Bank  Gravel,* — 1  cement,  3 
gravel. 


Average  . 


12 


Tbxpeba- 

TDRB. 


65 


63 


65   63 


65 


63 


65  ,  63 

I 


65  I  63 


12.5 


11 


12 


13 


13. 


I  280  '  475 

I  279  1  479 

289  I  477 

'  280  I  435 

..  I  432 

..  ;  458 

282  459 

321  ,447 

291  391 

225  454 

412 

400 

..  '  390 

279  I  416 

209  \    375~ 

216  341 

236  '  338 

212  I  422 
329 

..  1  431 

218  !  372 


128 
135 
151 
149 


141 


203 
210 
242 
236 
223 
244 
226 


103 
104 
109 
122 

10i9 


266 
227 
277 
227 
251 
249 


In  mixing  the  batches  comprising  each  group  of  briquettes,  the  con- 
sistency was  made  as  uniform  as  possible  to  minimize  variations  liable 
from  varying  proportions  of  water.  Neat  tests  of  the  Portland  cement 
used  for  all  of  the  briquettes  is  given  in  group  A.  All  briquettes  were 
made  by  the  same  operator,  and  tested  by  one  operator. 


*  Gravel  in  groups  L  and  M — from  different  sources. 
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You  will  notice  that  group  B  gives  the  results  with  standard  quartz 
sand,  passing  and  retained  on  20  and  30  sieves  respectively,  and  that 
they  are  lower  than  all  other  groups  except  L  and  M,  the  last  two 
of  the  series.  It  is  commonly  found  that  the  standard  sand  gives 
results  inferior  to  those  from  bank  sand  or  gravel,  even  though  the 
latter  contains  more  or  less  loam.  This  is  undoubtedly  due  to  the 
greater  coarseness  and  gradation  of  size  in  the  particles  in  the  sand  or 
gravel. 

As  explaining  the  low  results  for  groups  L  and  M,  it  may  be  stated 
that  these  gravels  were  too  imiformly  fine;  L  passing  about  40  per 
cent.,  and  M  51  per  cent.,  on  No.  50  sieves,  with  a  very  small  proportion 
of  large  particles.  Group  L  contained  11.6  per  cent.,  and  group  M, 
12.5  per  cent,  of  loam.  If  perfectly  clean,  it  is  probable  that  the  re- 
sTilts  would  have  exceeded  those  for  the  standard  sand.  It  has  been 
found  that  the  loam  in  the  excavation  gravel  contains  about  50  per 
cent,  of  finely  comminuted  silica. 

It  will  be  noticed  that  the  tests  for  the  excavated  gravel,  groups 
C  and  F  inclusive,  give  average  results  from  316  to  367  pounds  per 
square  inch  for  twenty-eight  days,  and  that  the  averages  show  that 
the  effect  of  washing  for  the  range  of  the  briquettes  shown  in  the  table, 
was  attended  with  an  increase  of  about  10  per  cent,  in  strength. 
This  increase  in  group  F  is  derived  by  eliminating  the  low  test  of  152 
pounds,  manifestly  defective. 

The  greater  strength,  when  the  particles  are  coarse  and  graded  in 
size,  is  well  shown  by  comparing  groups  C  to  F,  with  groups  L  and 
M.  Although  group  E  contains  25.2  per  cent,  of  loam,  double  that 
in  group  M,  the  average  tensile  strength  is  about  35  per  cent,  in  excess 
for  the  former.  As  stated  above,  the  excavated  gravels  in  groups  C 
to  F  were  all  very  well  graded  from  coarse  to  fine,  while  those  in 
groups  L  and  M  were  fine,  with  a  large  proportion  quite  uniform  in 
size,  with  too  few  large  particles.  Group  K  comprises  briquettes  made 
of  the  excavation  gravel  screened  but  unwashed,  and  trap  rock  grit 
in  equal  proportions.  The  favorable  effect  of  the  addition  of  the  grit 
will  be  observed. 

The  high  results  of  the  tests  with  the  crushed  rock,  grit,  and  stone 
dust,  agree  with  similar  results  as  frequently  reported.  The  loam 
given  in  the  crushed  rock  and  the  grit,  is  fine  mineral  matter,  differing 
in  color  from  that  found  in  the  gravels. 

As  the  character  of  the  excavation  gravel  gave  such  good  results, 
and  so  much  difficulty  was  experienced  in  procuring  material  which 
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gave  equal,  to  say  nothing  of  better  results,  it  is  being  used  in  various 
parts  of  the  work  after  screening,  mixed  with  an  equal  part  of  crushed 
trap  rock  grit.  Tests  are  being  made  as  the  work  progresses,  so  that 
a  constant  check  is  being  maintained  as  a  guide.  It  is  the  inten- 
tion to  institute  a  system  of  crushing  tests  on  6-inch  cubes. 

Proportioning  of  the  Materials, — ^The  proportioning  of  the  cement  to 
the  aggregate  should  correspond  with  the  duty  required,  with  necessary 
allowance  for  difficulties  liable  to  confusion  in  measuring,  where  vary- 
ing proportions  are  used  in  different  parts  of  a  piece  of  work.  The 
quantity  of  cement  to  be  used  should  be  considered  in  connection  with 
the  aggregate  commercially  procurable.  Where  water-tightness  is 
necessary,  it  seems  desirable  to  fill  the  voids  as  completely  as  prac- 
ticable; at  the  same  time  it  is  to  be  remembered  that  leakage  may  be 
more  serious  from  fissures,  liable  to  be  developed  by  shrinkage  or 
cracking,  if  an  excess  of  rich  mortar  is  used,  so  that  a  leaner  mixture, 
which  may  perhaps  involve  a  more  or  less  cellular  structure,  may  be 
safer,  unless  for  very  high  pressures,  and  then  the  introduction  of  steel 
fabric  is  advantageous. 

Rather  than  take  up  a  formal  discussion  of  the  theory  of  proportions, 
with  which  no  doubt  those  of  you  who  are  interested  in  concrete  are 
already  famiUar,  and  particularly  as  the  time  is  limited,  I  will  speak 
of  the  proportioning  of  concrete  for  use  in  the  Subway. 

For  the  side-walls,  floors  and  roof,  the  specifications  provide  that 
the  proportions  for  the  side-walls  shall  be  1  :  2^ :  5,  to  allow  the  use 
of  500  pounds  per  square  inch  as  a  working  stress,  and  as  it  was 
desired  to  reduce  percolation  to  a  minimum,  the  mortar  was  fixed  at 
1  to  2i,  aimed  to  fill  the  voids  due  to  the  probable  use  of  more  or 
less  gravel  deficient  in  gradation  of  the  particles.  A  sUght  excess  of 
mortar  was  desired  to  allow  for  the  probable  use  of  indifferently 
graded  crushed  stone,  as  I  have  had  difficulty  in  getting  crushed  stone 
well  graded  in  size.  Proportions  of  1:2:4  have  frequently  been  used 
abroad  and  in  this  country  for  similar  duty.  The  proportion  of  cement 
as  placed  at  1 :  2^ :  5  was  not  deemed  so  rich  as  to  invite  liability 
of  cracks  due  to  shrinkage.  To  guard  against  the  latter,  secondary 
rods  were  introduced,  so  that  the  embedded  steel  would  result  in  a 
distribution  of  minute  detailed  fractures  instead  of  fewer  injurious 
large  fractures,  should  fractures  occur.  An  important  office  of  the 
secondary  rods  is  also  to  prevent  cracking  of  the  concrete  due  to 
expansion  and  contraction  from  changes  of  temperature,  as  no  ex- 
pansion joints  are  made  in  the  side- walls.     The  moisture  and  the 
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relatively  equable  temperature  of  the  earth,  very  favorable  for  con- 
crete, were  also  considered  in  the  selection  of  the  proportions. 

Investigations  are  in  progress  to  guide  in  the  future  proportioning 
of  cement  to  the  aggregate,  so  that  judicious  modifications  may  be 
made.  At  this  time,  as  stated  above,  in  various  parts  of  the  work, 
the  2i  parts  of  gravel  are  replaced  by  trap  rock  grit  and  screened 
gravel  from  the  excavation,  in  equal  proportions.  In  general  mass 
work,  and  in  ordinary  situations,  the  proportions  are  1:3:6,  The 
imit  of  measurement  of  cement  is  100  pounds,  or  approximately  1 
cubic  foot  packed.  Gravel,  grit,  and  stone  are  measured  as  shoveled 
into  the  mixing  boxes,  without  shaking  or  packing. 

Mixing  and  Consistenq/, — ^It  is  difficult  to  secure  thorough  mixing 
without  mechanical  action.  Except  in  cases  where  concrete  is  made 
in  small  quantities,  a  good  mechanical  mixer  should  be  used.  Thoiv 
ough  incorporation  is  best  secured  by  positive  mechanical  action,  inde- 
pendent of  gravity,  although  more  power  is  required  than  for  mixers 
utilizing  the  tumbling  principle,  such  as  the  Cubical,  the  Ransome,  the 
McKelvey  and  other  types.  The  latter,  however,  gives  very  good 
resTilts.  The  trituration  secured  by  mechanical  mixing  promotes  the 
thorough  coating  with  cement  of  the  particles  of  the  sand,  gravel, 
or  stone  dust,  and  reduces  the  danger  of  lack  of  contact  of  the  cement 
with  the  stone  and  gravel,  due  to  the  adhesion  of  wet  stone  dust, 
and  loam,  which  cannot  be  as  well  accomplished  by  hand  mixing. 

As  thorough  tamping  is  difficult  to  secure,  even  with  constant 
supervision,  particularly  in  reinforced  concrete,  the  speaker  long  ago 
decided  that  the  best  way  is  to  make  the  mixture  wet.  By  wet,  I 
mean  so  that  it  quakes  like  jelly.  The  lubrication  of  the  particles  per- 
mits them  to  glide  and  interlock,  and  agitation  by  the  amount  of 
tamping  attainable,  assists  the  expulsion  of  any  excess  of  water  to 
the  surface,  which  excess,  as  far  as  the  speaker's  observation  has 
reached,  has  done  no  harm.  The  structure  of  wet  concrete,  from 
specimens  examined,  is  more  dense,  and  contrasts  markedly  with  that 
where  relatively  dry  mixtures  have  been  used,  filling  the  space  about 
embedded  steel,  and  producing  better  surfaces  against  forms.  If  the 
necessary  tamping  could  be  secured,  the  difference  in  the  resulting 
structure  would  be  reduced,  but  I  do  not  believe  that  any  amount 
of  tamping,  even  in  relatively  thin  layers,  will  give  the  dense  s*"'^^"^ 
secured  by  a  wet  mixture,  moderately  tamped. 

The  early  strength  of  well-tamped  medium  mixtures  is  g 
that  of  wet  mixtures.     The  elaborate  tests  made  by  Mr.  Raf 
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that  the  strength  of  medium  wet  mixtures  is  greater  than  for  very 
wet  mixtures,  as  tested  for  periods  from  570  to  670  days.  Other 
experiments  show  that  after  the  lapse  of  from  three  to  six  months,  the 
strength  of  the  wet  mixtures  approximates  that  of  the  medium  mix- 
tures, and  in  some  cases  surpasses  it.  It  is  to  be  remembered  that 
laboratory  tests,  even  though  conducted  so  as  to  be  as  much  as  possible 
like  actual  work,  are  by  no  means  conclusive  when  all  the  conditions 
of  actual  work  are  considered.  From  my  experience,  I  think  the 
discount  due  to  a  possible  excess  of  water  is  more  than  compensated 
for  by  the  difficulties  in  securing  tamping,  and  the  neglect  in  watering 
and  keeping  wet  the  drier  mixtures,  without  which  they  suffer,  as  is 
generally  recognized. 

Placing  m  the  Work. — Forms  need  to  be  reasonably  water-tight,  to 
prevent  effluent  of  the  wet  mortar.  Where  fair  material  for  forms  is 
procured,  not  too  thin,  the  material  can  be  used  three  or  four  times, 
and  perhaps  in  some  cases  more  than  four.  The  timber  for  face  forms 
on  the  Subway  wall-work  is  two-inch  dressed,  grooved  and  tongued, 
and  can  be  turned,  on  repeated  use,  if  found  desirable.  Hasty  caulk- 
ing with  oakum  is  done  on  back  forms  where  not  as  fine  a  grade  of 
lumber  may  be  used,  or  where  the  labor  of  placing  it  is  reduced. 

Surface  Tredment. — The  speaker  has  sought  satisfactory  methods 
of  surface  treatment,  to  obviate  the  naked  appearance  of  even  well- 
faced  wodc.  The  futility  of  the  addition  of  extraneous  material, 
applied  after  forms  are  removed,  has  long  been  recognized,  and 
brushing  with  a  thin  grout  of  fine  sand  and  cement  is  the  most 
general  treatment.  I  understand  that  the  speaker  to  follow  has 
been  experimenting  to  secure  a  rough  finish,  and  I  hope  that  we  may 
hear  from  him  as  to  the  results,  I  have  seen  a  pebble  finish  applied 
to  the  surface  of  concrete,  which  in  some  cases  had  endured  several 
years'  exposure;  in  other  cases  slabs  of  mortar  comprising  the  matrix 
sustaining  the  pebbles  had  sloughed  off.  A  pebble  surface,  applied 
at  the  face  forms,  as  the  body  of  the  concrete  is  placed,  would  be 
durable,  and  could  be  utilized  in  connection  with  moulding,  to  effect 
coursing  where  desired.  Unevenness  of  color,  and  cracks  due  to  settle- 
ment or  other  causes,  are  masked  by  a  rough  surface  treatment,  and 
compensate  for  the  lack  of  the  opportunity  for  remedial  pointing, 
as  in  the  case  of  the  joints  in  stonework,  which  unfortunately  is  often 
found  convenient. 

Reinforced  Concrete  and  the  Svbway  Work, — In  the  beginning  of 
the  speaker's  work  in  reinforced  concrete,  more  reliance  was  placed 
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on  the  adhesion  of  the  concrete  to  the  steel  reinforcement  than  he 
now  thinks  is  justified.  It  was  found  that  the  intensity  of  the  stress 
tending  to  rupture  the  adhesion  where  the  maximum  increment  of 
tension  is  imposed  on  the  bars  by  the  concrete,  became  too  large  a 
proportion  of  the  value  of  the  adhesion,  as  shown  by  the  most  recent 
tests,  and  formed  rods  were  adopted,  the  formed  rods  making  a 
mechanical  lock  to  the  concrete.  The  adhesion  is  more  or  less  affected 
by  the  disturbance  produced  by  the  deposition  and  tamping  of  the 
concrete,  rods  placed  horizontally  being  less  liable  to  this  disturbance 
than  when  placed  vertically.  In  placing  vertical  rods  within  the 
side-wall  forms,  they  are  shaken  more  or  less,  even  when  carefully 
held  by  templets  and  intermediate  wooden  braces  or  other  supports, 
so  that  the  formation  of  the  bond  between  the  steel  and  the  metal 
is  interrupted.  Another  factor  to  diminish  the  adhesion  between  the 
steel  and  the  concrete,  is  that  in  narrow  vertical  forms  a  wet  mixture 
facilitates  filling  them  and  securing  close  contact  with  all  parts  of 
the  reinforcement,  as  it  is  difficult  to  tamp  thoroughly.  The  slight 
contraction  or  settlement,  noticeable  when  the  wet  mixture  is  used, 
produces  a  slight  downward  movement  of  the  concrete  about  the 
bars,  liable  to  interfere  to  some  extent  with  the  formation  of  the  bond 
between  the  steel  and  the  mortar.  In  many  cases  tamping  with  a 
drier  mixture  is  facilitated  by  adding  sections  of  the  forms  on  one 
face  as  the  concreting  progresses,  a  method  usual  in  building  colimins 
or  pillars. 

In  order  that  you  may  better  understand  the  views  to  be  shown, 
a  slide  will  now  be  exhibited,  which  has  been  prepared  from  the  tracing 
showing  the  cross-section  of  the  Subway  on  Market  Street.  You 
will  see  that  the  side-walls  are  of  reinforced  concrete,  and  that  the 
roof  consists  of  20-inch  steel  beams  with  concrete  jack-arches,  the 
beams  being  spaced  five  feet  apart.  It  may  be  noted  here  that  the 
original  design  for  the  roof  included  the  use  of  reinforced  concrete. 
The  methods  of  construction  contemplated  at  the  time  were  subse- 
quently modified,  a  more  detailed  or  partial  method  being  desired, 
which  was  facilitated  by  the  use  of  the  beams.  Running  longitudin- 
ally, and  just  inside  of  the  principal  rods  of  the  side-walls,  are  the 
smaller  distributing  rods  for  webbing,  and  to  increase^the  resistance  to 
cracking  due  to  probable  shrinkage,  and  temperature  changes.  Placed 
over  the  tops  of  the  roof  beams,  and  parallel  to  them,  are  sheets  of 
wire  mesh,  with  the  principal  or  heavier  wires  transverse  to  the  beams, 
to  reduce  liability  of  cracking  in  the  concrete  over  the  top  flanges,  by 
which  leakage  might  enter  and  work  along  the  webs. 
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The  4-foot  9-inch  sewer  along  the  south  side-wall,  and  a  part  of 
the  sewers  along  the  north  wall,  are  of  reinforced  concrete.  The  sewer 
along  the  south  wall  is  being  built  along  with  the  side-wall,  the  trench 
being  opened  to  sufficient  width  to  permit  the  construction  of  both. 
The  use  of  reinforced  concrete  for  these  sewers  was  adopted  to  render 
them  less  liable  to  fracture,  by  which  leaks  would  be  created  alongside 
of  the  Subway  walls,  as  more  or  less  disturbance  is  liable  as  the  ex- 
cavation for  the  Subway  proceeds. 

A  drain  is  placed  imder  each  of  the  two  outside  tracks,  with 
laterals  every  fifty  feet,  extending  to  the  exterior  of  the  base  of  the 
side-walls.  The  main  drains  lead  to  sumps  served  by  pumps.  These 
drains  serve  temporarily  to  facilitate  keeping  the  excavation  dry 
during  construction.  From  knowledge  secured  during  the  excavation 
for  the  sewers,  before  the  Subway  proper  was  begun,  it  was  assumed 
as  improbable  that  any  large  quantity  of  water  would  have  to  be 
permanently  handled  if  the  drains  were  built.  By  this  arrangement 
there  is  no  attempt  to  exclude  water,  by  which  a  head  would  be 
placed  on  the  side-walls,  and  the  entire  structure  should  be  drier. 
The  depth  of  this  part  of  the  Subway,  and  the  attendant  conditions, 
are  favorable  to  this  treatment,  often  not  permissible.  Waterproofing 
is  placed  on  the  roof  and  side-walls. 

HENRY   H.   QUIMBY. 

Mr.  President  and  Gentlemen:  The  masonry  part  of  some  of  the 
bridges  that  have  been  built  recently  by  the  city  of  Philadelphia,  and 
some  under  construction  now,  is  concrete,  either  straight  or  in  com- 
bination with  steel.  At  the  request  of  the  Information  Committee, 
and  by  permission  of  Chief  Webster,  I  have  here,  to  present  on  the 
screen,  the  plans  of  some  of  these  structures,  that  may  contain  fea- 
tures of  interest.  No.  1  is  a  view  of  the  northeast  abutment  of  the 
Seventeenth  Street  bridge  across  the  Reading  Railroad,  at  the  inter- 
section of  Indiana  Avenue,  beyond  the  old  Sixteenth  Street  station. 
The  bridge  is  a  132-foot  through-truss  span.  The  masonry  is  all 
concrete,  1-3-6,  with  granite  pedestal  blocks  under  the  truss  shoes. 
Because  of  the  skew  the  length  of  this  abutment  is  nearly  140  feet, 
with  the  wings  in  almost  a  direct  line,  in  which  we  have  provided  no 
expansion  joints,  or  rather  contraction  joints,  as  perhaps  they  are 
better  called.  The  only  provision  against  transverse  cracks  consists 
of  five  steel  rods,  1\  inches  square,  imbedded  below  the  level  of  the 
bridge  seat  and  continued  to  the  ends  of  the  wings.    The  abutment 
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was  built  in  hot  weather  and  has  been  exposed  to  the  weather  on 
both  sides  until  now,  and  is  probably  thoroughly  chilled  by  this  time, 
and  no  cracks  have  developed  anjrwhere.  The  work  is  founded  on 
dry  gravel  six  feet  below  the  rails. 

No.  2.  This  is  a  photographic  view  of  the  south  abutment  of  the 
same  bridge,  built  the  same  as  the  north  abutment.  It  shows  the 
scoring  of  the  face  into  courses  and  blocks  similar  to  ashlar  masonry. 
This  is  not  for  the  purpose  of  imitating  stone,  but  it  conceals  defects 
of  joints  between  layers,  and  prevents  the  eye  from  seeing  the  effect 
of  warps  in  the  planks  of  the  face  forms,  and  gives  a  pleasanter  ap- 
pearance to  the  work  besides.  The  scoring  is  accomplished  by  tack- 
ing half  round  beads  to  the  planks  of  the  forms,  and  their  imprint 
is  left. 

No.  3.  Plan  of  one  of  the  piers  of  Passyunk  Avenue  Bridge  across 
the  Schuylkill  at  Point  Breeze.  Only  one  abutment  and  four  of  the 
piers  of  that  bridge  are  under  contract  as  yet.  Councils  not  having 
made  appropriation  for  more  than  that  portion  of  the  bridge.  The 
foimdations  are  piles  which  are  driven  to  rock.  The  plumb  or  bear- 
ing piles  are  from  50  to  60  feet  long.  The  spur  or  batter  piles  from 
60  to  70  feet  long.  The  mud  is  so  soft  that  the  piles  entered  it  a 
distance  of  twenty  to  thirty  feet,  below  the  bottom  of  the  ten-foot 
deep  excavation,  by  their  own  weight  and  that  of  the  four  and  a 
half-ton  hammer  on  them,  before  a  blow  was  struck.  The  top  ends 
of  the  piles  are  surrounded  by  a  bed  of  concrete  four  feet  deep.  As 
the  bearing  power  of  the  mud  is  so  uncertain,  the  principal  office  of  this 
bed  of  concrete  is  to  firmly  fix  the  top  ends  of  the  piles,  stiffening 
them  against  buckling  under  their  load.  In  order  to  prevent  any 
possible  splitting  of  this  concrete  along  the  lines  of  the  outer  piles,  it 
has  been  reinforced  with  }-inch  steel  rods,  forming  loops  aroimd  the 
outer  piles  and  extending  back  6  feet  into  the  block.  They  are  im- 
bedded about  six  inches  above  the  bottom  of  the  layer.  The  two 
longitudinal  timbers,  against  which  the  batter  piles  chock,  are  12 
inches  by  12  inches,  as  are  also  the  caps  of  the  piles.  Three  longitudinal 
2-inch  rods  are  imbedded  in  the  base  of  the  neat  work,  and  three 
similar  rods  along  the  top,  to  prevent  any  possible  cracking  trans- 
versely. There  is  a  wire  net,  or  expanded  metal  to  be  imbedded  in 
the  coping  layer  to  prevent  longitudinal  cracks,  and  the  capping 
of  the  piles  is  expected  to  prevent  longitudinal  cracking  at  the  bottom. 
The  bearing  blocks  or  pedestals  for  the  bridge  trusses  ''^. 

No.  4.  Plan  of  the  west  abutment  of  the  same  bridge. 
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similar  to  the  pier  just  shown,  only  necessarily  larger  in  area.  The 
passive  character  of  the  bottom  made  necessary  a  platform  under  the 
back  filling,  also  supported  on  piles,  and  the  forward  thrust  of  the 
mud  under  the  approach  embankment  is  taken  care  of  with  about 
ninety  spur  piles.  The  possibility  of  an  embankment  being  built  on 
the  mud  along  one  side  of  the  bridge,  induced  the  use  of  transverse 
spur  piles  at  each  end  of  the  abutment  and  piers.  The  face  of  the 
abutment  has  a  batter  of  1  in  8,  and,  in  addition,  the  toe  is  extended 
to  distribute  the  load  evenly  over  all  the  foundation  piles.  The  over- 
turning effect  of  the  earth  fill  back  of  the  abutment,  together  with  the 
vertical  pressure  from  the  three  steel  trusses  of  100-foot  span,  and 
the  weight  of  the  concrete  body,  is  uniformly  distributed  over 
the  plumb  piles,  giving  to  each  a  load  of  13  tons.  The  projection 
of  the  toe  is  an  inverted  cantilever  in  which  the  tension  is  taken  by 
1-inch  square  steel  rods  spaced  twelve  inches  apart,  and  the  projec- 
jection  at  the  ends  is  taken  care  of  in  the  same  way;  so  that  there 
is  a  mattress  of  1-inch  square  rods  throughout  the  base  of  the  abut- 
ment. This  cantilever  construction  is  an  interesting  feature  of  the 
design  and  is  practicable  only  in  concrete  masonry. 

No.  5.  Plan  of  Stokley  Street  Bridge  abutments,  just  west  of  the 
Chestnut  Hill  branch  of  the  Pennsylvania  Railroad,  canying  Stokley 
Street  across  the  Richmond  Branch  of  the  Reading  Railroad.  The 
bridge  is  a  56-foot  clear  span,  sixty  feet  wide,  and  the  abutments,  with 
the  wings,  are  120  feet  long.  There  are  no  expansion  joints  in  them. 
Rods  are  provided  for  imbedding  in  the  top  of  the  back  wall  of  each 
abutment.  Both  abutments  are  at  this  time  finished  up  to  the  bridge 
seats  and,  as  the  back  walls  have  been  left  to  be  built  after  the  steel 
work  is  riveted,  the  rods  are  not  yet  in  the  work.  In  all  this  cold 
weather  the  abutments,  which  were  built  in  warm  weather,  have 
been  exposed  on  both  sides,  but  there  are  no  cracks  anjrwhere  in 
them.  Indications  are  that  expansion  joints  are  not  needed  in  that 
length  of  wall.  There  is  a  6-foot  sewer  passing  underneath  the  abut- 
ments. 

No.  6.  Plan  of  concrete-steel  arch  on  the  line  of  Frankford  Avenue, 
over  Poquessing  Creek  one  mile  above  Torresdale.  Span  71  feet  in 
the  clear;  rise  9^  feet;  curve  segmental,  with  line  of  thrust  always 
within  middle  third  of  ring;  bridge  sixty  feet  wide;  sixteen  latticed 
steel  ribs,  each  made  of  2^  X  2^  X  t\  i^^^  angles  laced  with  2  X  i 
inch  bare.  The  ribs  are  tied  together  transvereely  with  angle  struts. 
The  parapet  is  of  concrete  with  steel  rods  imbedded.    There  will 


Quimby — Concrete,  127 

be  no  steel  exposed  anywhere  on  the  bridge  and  probably  nothing 
about  it,  except  the  paving,  will  require  attention  for  maintenance 
in  our  time.  The  arch  ring  is  16  inches  thick  at  the  crown,  and  3 
feet  4  inches  at  the  springing  line,  giving  everywhere  3  inches  of  con- 
crete over  the  steel.  The  compression  at  the  crown,  due  to  the  total 
load,  is  such  that  if  the  load  be  wholly  carried  by  the  concrete  the 
imit  stress  will  be  240  pounds  per  square  inch.  If  it  should  be  all 
carried  by  the  steel,  the  steel  would  be  strained  to  thirty  thousand 
pounds  per  square  inch.  The  division  of  the  stress  between  the  two 
materials  will  depend  less  upon  their  relative  areas  and  moduli  of 
elasticity  than  upon  the  method  employed  in  erection.  The  effects 
of  the  shrinkage  of  the  concrete  in  the  shortening  of  the  imbedded 
steel  and  resulting  initial  compression  in  it,  will  depend  largely  upon 
the  method  of  procedure  in  placing  the  concrete.  If  the  steel  ribs 
be  supported  on  the  centering,  as  is  usual  if  not  universal,  and  the 
concrete  placed  around  them,  working  from  the  abutments  toward 
the  crown,  the  steel  will  be  in  very  considerable  tension  at  the  crown 
before  keying,  and  therefore  its  action  in  service  after  keying,  doubt- 
ful. If,  on  the  other  hand,  the  steel  ribs  are  in  compression  to  start 
with  and,  in  their  capacity  of  an  arch,  support  both  their  own  weight 
and  that  of  the  arch  ring  as  it  grows,  they  will  be  certain  to  take  a, 
•fair  share  of  the  total  load.  I  therefore  suggest  both  the  practicability 
and  the  desirability  of  utilizing  the  steel  ribs  for  carrying  the  center- 
ing, and  thereby  dispensing  with  falsework.  This  of  course  can  be 
done  only  when  the  steel  is  in  large  units,  as  in  the  bridge  just  shown, 
and  is  not  possible  where  the  steel  is  in  small  units,  as  in  the  Edwin 
Thacher  design. 

The  sketch  on  the  screen  illustrates  the  proposed  order  of  procedure. 
Suspend,  with  easily  detachable  hangers  from  the  steel  ribs,  the  lines 
of  joists  needed  to  carry  the  lagging.  Erect  forms  on  the  lagging, 
to  divide  the  arch  into  transverse  sections,  at  distances  apart  to  be 
determined  by  the  amount  of  concrete  that  can  be  placed  daily,  the 
complete  sections  resembling  voussoirs.  With  the  proper  order  of 
succession  in  placing  the  sections,  being  careful  to  always  deposit 
the  concrete  in  corresponding  sections  on  opposite  sides  simulta- 
neously, the  eccentricity  of  the  Une  of  thrust  of  the  growing  load  will 
be  so  sUght  that  the  steel  arch  will  not  be  appreciably  deformed,  and, 
as  by  the  hardening  of  the  successive  sections  the  reinforcement  of 
the  steel  will  proceed  with  the  increase  of  the  weight  to  be  carried, 
the  maximum  stress  in  the  steel  wall  be  reached  only  when  the  rein- 
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forcement  is  almost  complete.  After  the  concrete  ring  is  closed,  there 
can  be  no  deforming  influence  except  the  filling,  which  wiU  merely 
make  up  the  permanent  and  synmietrical  load.  By  this  method 
we  will  get  a  finished  arch  that  wiU  have  absolutely  no  deformation 
after  it  is  keyed.  The  only  deformation  during  the  construction 
will  be  from  the  compression  of  the  steel,  which  wiU  shorten  and  cause 
a  slight  flattening  of  the  curve  of  the  arch.  In  the  case  of  the  Poques- 
sing  Creek  bridge,  shown  a  moment  ago,  the  total  pressure  per  square 
inch  on  the  steel,  due  to  the  weight  of  lagging  and  concrete,  would 
be  something  over  thirteen  thousand  pounds,  and  this  will  cause  the 
steel  ribs  to  shorten  just  about  as  much  as  the  concrete  around  them 
will  contract  in  shrinking — an  ideal  condition.  If  a  concrete  arch 
be  built  on  falsework  centering,  when  the  supports  are  withdrawn 
there  wiU  very  likely  be  some  deformation  of  it.  Some  arches  rise 
at  the  crown  and  others  deflect;  the  action  depends  probably,  in  part, 
on  the  composition  of  the  concrete  and  the  proportions  at  different 
parts  of  the  ring;  but  most  largely  on  the  way  in  which  the  concrete  is 
put  in.  At  any  rate,  no  man  seems  to  be  able  to  determine  in  advance 
what  the  action  will  be.  If  the  shape  of  the  arch  is  changed  after 
it  is  keyed  and  set,  certainly  initial  stresses  are  set  up — ^unbalanced, 
perhaps  excessive:  what  they  are  we  can  never  determine,  and  we 
do  not  know  how  destructive  they  may  eventually  be  in  concrete. 

I  have  another  suggestion  to  make,  which  is  in  connection  with  the 
design  of  reinforced  concrete  arches,  and  which,  I  think,  fairly  comes 
under  Professor  Marburg's  subheading  of  applications.  Perhaps 
the  better  way  to  build  a  composite  arch  is  not  to  put  the  steel  in  a 
longitudinal  direction,  as  in  the  design  just  sho^n,  or  as  in  the  Thacher 
plan,  but  to  put  all  the  steel  in  a  direction  normal  to  the  Une  of  strain — 
radial  to  the  curve  of  the  arch,  corresponding  to  the  position  of  the 
joints  of  the  voussoirs  of  a  stone  arch,  thus  using  steel  only  to  bind 
the  concrete  together,  which  will  both  increase  its  crushing  strength 
and  prevent  its  ever  splitting  into  fragments.  Expanded  metal  or 
woven  wire,  of  section  to  be  determined  by  experiment  and  judgment 
rather  than  calculation,  thus  imbedded  in  the  mass  of  concrete,  will 
act  as  "hooping"  to  resist  the  bursting  effect  of  pressure,  and  if  there 
should  ever  develop  a  tendency  to  separation  of  the  steel  and  cement, 
any  breaking  of  the  bond  of  union,  or  any  swelling  of  the  steel  from 
rust,  the  transverse  reinforcement  will  never  operate  to  split  up  the 
arch  ring,  whereas  longitudinal  reinforcement  would,  under  such 
conditions,  become  a  disintegrating  factor.    Of  course  such  an  arch 


Quimby — Concrete,  129 

must  be  designed  as  a  stone  arch  would  be — of  shape  to  avoid  tension 
at  any  point. 

In  order  to  test  this  theory  of  construction  I  had  two  lots  of  con- 
crete cubes  made  ten  days  ago,  some  plain  and  some  reinforced,  and 
crushed  them  to-day.  In  one  lot  the  reinforcement  was  expanded 
metal  in  a  horizontal  plane  at  the  middle  of  tfie  cubes,  and  in  the  other 
lot  the  metal  was  light  woven  wire  placed  vertically.  Of  the  first 
lot  the  armored  cubes  were  about  30  per  cent,  stronger  than  the  plain, 
and  of  the  other  lot,  where  the  steel  was  in  the  direction  of  the  pres- 
sure and  too  light  to  have  any  resistance  to  compression,  the  plain 
cubes  were  a  little  higher  in  crushing  resistance  than  the  armored. 
The  cubes  were  only  ten  days  old,  but  the  expanded  metal  in  one  of 
the  first  lot  was  ruptured,  indicating  that  the  metal  was  light  for  the 
duty,  and  a  much  higher  percentage  of  gain  in  strength  will  be  obtained 
with  heavier  reinforcement.  These  tests  are  not  claimed  to  be  at  all 
conclusive,  but  they  seemed  to  me  to  confirm  the  theory  that  steel 
imbedded  in  an  arch  in  a  radial  direction,  at  distances  apart  equal 
to,  say,  half  the  thickness  of  the  ring  at  any  point,  would  give  the 
most  value  in  strength  and  durability.  The  theory  does  not  depend 
wholly  upon  the  increased  value  of  the  armored  cube — ^upon  its  in- 
creased resistance  to  crushing,  but  also  upon  its  preservative  effect 
on  the  concrete.  The  expanded  metal  in  these  cubes  was  about  one- 
twelfth  inch  in  thickness  and  expanded  into  meshes  one-inch  size. 
The  idea  did  not  occur  to  me  long  enough  ago  to  enable  me  to  get 
cubes  older  than  ten  days  for  tests. 

There  are  two  things  in  connection  with  the  working  of  concrete 
that  I  want  to  speak  of.  One  is  a  more  efiicient  form  of  rammer  than 
any  of  those  now  in  use,  and  the  other  is  the  surface  finish  to 
which  Mr.  Mills  referred.  If  the  concrete  to  be  used  is  of  such 
consistency  that  it  requires  ramming  to  compact  it,  then  the  instru- 
ment should  be  one  that  will  have  penetration  as  well  as  weight.  I 
noticed  that  Professor  Marburg,  in  referring  to  that  operation,  called 
it  "tamping."  I  think  that  he  did  not  use  the  word  "ramming"  at 
all.  I  think  it  should  be  rammed  if  it  be  stiff — not  tamped,  but 
ranmied.  An  ordinary  pickax  will  do  fairly  good  work,  but  not  very 
much  of  it.  A  railroad  trackman's  tool  for  tamping  the  ballast  under 
ties  is  much  better,  because  it  is  blunt.  An  ordinary  spade  would 
do  good  work,  but  we  cannot  expect  the  men  to  put  enough  weight 
on  it.  The  logical  outcome  of  such  reasoning  is  a  rammer  like  this 
[exhibiting  rammer].    It  is  merely  the  iron  moulder's  rammer  en- 
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larged.  It  has  penetration.  The  operator  has  merely  to  raise  it, 
and  its  weight — 30  pounds — ^will  do  the  rest.  It  might  be  better  if 
a  Uttle  heavier,  and  would  probably  stand  forty  pounds.  The  paver's 
rammer  is  fifty  pounds  in  weight,  and  therefore  this  ought  not  to  be 
a  burden  to  the  man  to  work.  This  instrument  has  been  in  use  at 
different  points.  It  is  the  only  one  in  existence  so  far  as  I  know. 
It  does  satisfactory  work  from  the  engineer's  standpoint.  How  the 
contractor  regards  it  I  do  not  know,  but  I  think  that  the  contractor 
ought  to  be  satisfied  with  it  if  he  is  required  by  one  means  or  another 
to  get  his  concrete  compact  and  filled.  Possibly  the  most "  all  'round  " 
satisfactory  work  will  be  done  by  mixing  the  concrete  to  such  con- 
sistency that  it  does  not  require  any  more  ramming  than  the  tramp- 
ing of  the  laborer  in  it  and  the  poking  with  his  shovel.  Men  who  have 
been  used  to  stiff  concrete  are  somewhat  startled  to  see  the  "soup" 
that  nowadays  is  poured  into  moulds,  and  it  seems  to  be  a  revelation 
to  them  to  find  that,  after  the  forms  are  taken  off  of  that  concrete, 
it  rings  to  the  hammer. 

In  regard  to  the  finish  of  face  work — my  method  is  simply  to  wash 
it  with  water,  but  do  it  when  the  concrete  is  green — to  take  the  forms 
off  before  the  concrete  is  hardened — after  it  has  set  up  and  has  sufli- 
cient  strength  to  maintain  itself  and  the  load  of  a  few  layers  above 
it  perhaps,  but  not  after  it  has  hardened.  In  siunmer  weather,  I  find 
that  the  ordinary  concrete  is  just  about  right  to  wash  and  finish  in 
twenty-four  hours  after  it  is  laid.  I  noticed  some  recently  that  had 
been  in  the  forms  for  over  a  week,  during  the  cold  weather,  and  when 
the  forms  were  taken  off,  it  was  a  little  too  green  to  finish  smooth, 
but  just  right  to  wash  up  rough.  This  method  is  cheaper  than  any 
other  I  know  of,  and  it  is  very  much  handsomer  and  I  believe  very 
much  more  durable.  I  have  some  specimens  of  different  mixtures 
here.  This  is  a  mixture  of  cement,  gravel  and  trap  rock  screenings. 
That  may  be  rubbed  fairly  smooth  if  permitted  to  get  hard  and  rubbed 
with  a  brick.  Water  must  be  used  freely.  If  the  work  be  green 
enough,  all  you  have  to  do  is  to  squirt  water  on  it  with  a  good  nozzle 
pressure.  The  whole  process  consists  of  removing  the  cement  from 
over  and  around  the  gravel  and  grit,  getting  rid  of  the  rich  cement 
surface,  which  is  subject  to  hair  cracks,  and  exposing  the  clean  stone 
or  sand  of  the  face.  This  is  a  facing  of  limestone  gravel  and  sand. 
This  has  not  been  sufficiently  washed.  You  can  see  that  the  cement 
has  not  all  been  taken  off.  This  is  a  sand  finish.  Here  are  different- 
proportions  of  trap  rock  screenings  and  cement.    The  only  sand  in 
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them  is  fine  particles  of  the  crushed  stone.  Here  is  a  still  rougher 
surface.  It  is  a  matter  of  taste  which  you  prefer.  The  probability 
is  that  the  rough  surface  is  the  most  durable  that  you  can  get  with 
plastic  materials. 

COMMUNICATED  DISCUSSIONS. 

OEORGE  S.   WEBSTER. 

In  concrete  construction  it  has  been  found  that  a  greater  quantity 
of  ingredients  may  be  incorporated  in  a  given  section  when  the  con- 
crete is  made  with  a  large  percentage  of  water  than  when  made  with  a 
small  percentage.  It  is  also  found  that  a  wet  mixture  gives  a  smoother 
surface  and  results  in  a  more  compact  wall. 

On  the  Delaware  Avenue  improvement  the  contents  of  a  barrel  of 
Portland  cement  were  determined  to  be  3J  cubic  feet,  and  all  sand 
and  stone  scales  were  made  accordingly.  The  concrete  was  made 
1-3-6 — cement,  3^  cubic  feet;  sand,  11  cubic  feet;  stone,  22  cubic  feet. 
If  the  voids  were  just  filled,  then  one  barrel  of  cement  would  make 
22  cubic  feet  of  concrete.  The  broken  stone  was  graded  in  size  and 
the  sand  used  was  New  Jersey  bank  sand.  This  also  was  graded  in 
size. 

The  construction  of  a  section  of  the  bulkhead  wall  at  Chestnut 
Street,  on  timber  platform,  containing  38.0  cubic  yards  when  built  dry 
and  rammed  by  ordinary  labor,  without  any  special  care,  required  44 
batches;  each  batch  therefore  contained  23.3  cubic  feet.  A  similar 
section  of  wall,  when  built  very  wet,  held  45^  batches,  each  containing 
therefore  22.54  cubic  feet.  Similar  experiments  were  made,  and  in 
all  cases  it  was  found  that  a  wall  built  of  wet  concrete  was  the  more 
compact,  and  contained  a  larger  quantity  of  ingredients. 

CHARLES   H.    UMSTEAD. 

The  subject  is  a  very  broad  one,  and  a  single  phase  of  it  could 
hardly  be  covered  in  one  discussion.  Concrete  enters  into  nearly 
every  structure  which  the  engineer  designs  to-day,  and  it  would  be 
well  for  the  Club  to  divide  the  subject  into  three  or  four  parts,  dis- 
cussing each  part  separately,  so  as  to  avoid  repetition. 

It  would  be  very  fortunate  for  us  all,  were  a  committee  at 
similar  to  the  one  about  to  be  appointed  by  the  American  f* 
Civil  Engineers  on  "Concrete  and  Steel-Concrete,"  to  inves 
proper  mixtures  and  their  best  application  from  an  economi 
point. 
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Our  positive  knowledge  concerning  this  material  is  very  meager, 
considering  the  number  of  engineers  concerned  in  its  use.  It  is  true 
that  we  have  tabulated  a  lot  of  results,  but  they  are  neither  correlated, 
nor  do  they  agree.  Each  corporation  sets  up  its  own  little  laboratory, 
and  declares  that  its  methods  are  correct  and  that  it  must  follow 
that  its  neighbors  are  wrong.  What  we  need  is  a  unification  of 
concrete  tests;  a  "clearing-house''  to  which  all  conflicting  results  can 
be  referred.  Until  this  is  done,  our  progress  in  defining  the  properties 
of  the  new  material  must  be  extremely  slow  and  erratic. 

The  Germans  and  French  have  data  and  records  concerning  this 
material  which  we  have  never  dreamed  of,  and  which  must  remain  a 
closed  book  to  all  except  those  who  are  fortunate  enough  to  know 
how  to  read  technical  records  in  these  languages.  Their  engineers  have 
long  ago  given  up  methods  of  application  of  concrete,  which  we  are 
holding  to  tenaciously,  simply  because  our  concrete  laboratories  have 
not  revealed  our  mistakes. 

About  ten  years  ago  many  of  the  concrete  specifications  called  for 
a  physical  test  of  Portland  cement,  the  requirements  ranging  from 
200  to  400  pounds  per  square  inch  in  tension,  with  the  exception  of 
those  issued  by  the  Department  of  Public  Works  in  the  city  of  Phila- 
delphia, which  has  always  demanded  about  50  to  100  pounds  above 
the  general  requirements  in  practice.  This  was  due  to  the  facilities 
afforded  for  rapid  testing  in  their  cement  laboratory,  it  being  the 
pioneer  laboratory,  so  far  as  tests  over  long  periods  are  concerned.  Of 
late  years  many  other  laboratories  have  been  equipped,  modeled  in  a 
measure  after  this  one,  and  the  result  is  that  now  the  designing  engineer 
can  reasonably  expect  and  has  sp)ecified  American  Portland  cement 
having  a  tensile  strength  of  650  pounds  per  square  inch,  and  I  am 
told  that  in  a  recent  contract  in  New  York,  involving  many  thousand 
cubic  yards  of  concrete,  a  tensile  strength  of  750  pounds  in  twenty- 
eight  days  was  guaranteed  under  bond. 

In  supervising  the  breaking  of  a  large  number  of  test-pieces,  repre- 
senting more  than  twenty  brands  of  American  Portland  cement,  during 
the  past  few  years,  the  writer  has  noticed  that  it  was  the  usual  occur- 
rance  for  the  machine  to  register  above  750  pounds  in  tension  per 
square  inch,  and  very  rarely  below  650  pounds  in  a  twenty-eight-day 
test.  Referring  again  to  the  older  specifications  for  concrete,  requiring 
only  300  to  400  pounds  in  twenty-eight  days  for  the  cement  in  tension, 
we  also  find  that  the  usual  mixture  required  was  1-2-4  and  1-3-6. 
The  latter  mixture  being  used  only  in  ver>'  large  masses.     To-day  we 


Communicated  Discussions — Concrete.  133 

specify  600  to  700  pounds  per  square  inch  in  twenty-eight  days  for 
neat  Portland  cement  and  often  find  records  of  900  to  1000  pounds 
in  our  cement  laboratories,  t.  e,,  300  pounds  above  requirements.  In 
the  specifications  of  to-day,  the  former  mixtures,  1-2-4  and  1-3-6, 
are  maintained.  We  can  only  conclude,  that  either  we  designed  our 
concrete  structures  ten  years  ago  with  too  low  a  factor  of  safety,  or 
to-day  we  are  wasting  the  money  of  our  clients,  by  expending  it 
where  it  is  not  necessary.  On  the  other  hand,  if  a  1-2-4  mixture 
was  on  the  side  of  safety  ten  years  ago,  it  follows  by  analogy  that 
concretes  made  from  a  1-4-7  mixture  with  the  improved  and  finely- 
ground  Portland  cements  of  to-day,  are  equally  safe  and  durable.  In 
older  countries,  even  a  leaner  mixture  is  regularly  specified  for  impor- 
tant works,  with  good  results.  The  cement  manufacturer  need  have 
no  fear  of  the  possible  curtailment  of  his  product,  should  the  designing 
engineers  specify  this  change.  "  Dollar  cement "  will  become  as  popular 
as  "  dollar  gas,"  its  cheapness  leading  to  an  enormous  demand  for  it. 

The  other  ingredients,  rock,  sand  and  gravel,  not  being  considered 
so  much  as  objects  of  manufacture,  do  not  receive  the  close  attention 
which  they  require.  In  an  important  concrete  construction,  sustain- 
ing heavy  concentrated  loads,  the  crushed  stone  and  sand  should 
become  as  much  the  subjects  of  critical  tests  as  does  the  cement. 
There  is  doubtful  economy  in  using  a  cement  bought  and  tested  to 
stand  600  to  700  pounds  per  square  inch  with  crushed  stone  which  is 
friable,  or  with  sand  and  gravel  which  contain  silt  and  clay  in  measur- 
able quantities. 

The  crushed  stone  delivered  to  an  important  job  should  be  tested 
frequently  by  some  of  the  short  laboratory  tests,  for  absorptive  quali- 
ties, for  abrasion,  and  for  specific  gravity.  Stone  with  a  specific 
gravity  of  at  least  2^  should  be  demanded,  if  the  locality  will  yield  it; 
and  if  not,  anything  less  than  2^  should  be  rejected.  The  sand  should 
be  tested  for  silt,  for  voids,  and  for  fineness;  the  silt  and  foreign 
matter  being  expressed  as  a  percentage  of  the  original  dry  weight  of 
the  sand  as  delivered.  When  10  per  cent,  by  weight  passes  a  number 
30  sieve,  this  fact  should  be  a  cause  for  rejection,  depending  upon  the 
importance  of  the  work. 

The  results  of  tests  for  the  effects  of  various  s'  ^d  grains 

upon  the  strength  of  mortar  and  concrete  will  I  "xled  in 

the  "Journal  of  the  Franklin  Institute"  by  V  \  Mr. 

Cooper  of  the  U.  S.  Army  Engineers,  also  by  M  gnp 

France,  in  the  "  Annals  des  Ponts  et  ChaiLss^es." 
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The  water  is  an  important  ingredient,  both  in  its  chemical  and  physi- 
cal action  upon  the  concrete.  The  failure  of  the  majestic  concrete  and 
granite  docks  at  Aberdeen  shook  the  confidence  of  European  engineers 
in  this  material  for  a  long  time.  Upon  examination  by  some  of  the 
most  noted  engineers  and  chemists  in  Europe,  it  was  decided  that  the 
failure  was  caused  by  the  chemical  action  of  the  sea-water  on  the 
concrete,  aided  at  some  points  by  the  frost.  Recently  the  practice  of 
mixing,  sea-water  with  concrete  has  revived  in  this  country  with  doubt- 
ful predictions  as  to  the  result.  This  has  occurred  mostly  in  harbor 
works  where  fresh  water  or  rain-water  is  accessible  only  in  very  small 
quantities.  Our  chemists  do  not  predict  with  any  certainty  what 
action  will  take  place  upon  our  concrete  structures  founded  in  sea- 
water.  We  do  know  that  existing  structures  present  a  very  rough  and 
unfinished  exterior  after  being  subjected  to  the  action  of  the  sea  for 
a  year  or  two.  Whether  or  not  this  is  due  to  the  salt  in  the  water 
alone,  or  to  the  combined  action  of  the  salt  and  the  force  of  the  waves, 
our  chemists  should  be  prevailed  upon  to  assume  the  province  of 
determining.  The  real  cause  of  the  apparent  breakdown  of  our  con- 
crete piers  and  breakwaters  founded  in  sea-water,  as  influenced  both 
by  freezing,  and  the  action  of  salt,  should  be  known. 

Professor  Michaelis  of  Berlin  has  started  such  tests  from  a  laboratory 
standpoint,  and  a  committee  is  expected  to  report  upon  the  subject 
in  St.  Petersburg  some  time  in  1904. 

The  deposition  of  concrete  into  large  open  caissons,  was  tested  by 
General  Newton,  U.  S.  Army,  in  New  York  Harbor.  He  found  that 
at  the  end  of  each  day's  work,  a  coating  of  light  material,  with  no 
cementing  properties,  covered  the  top  of  the  concrete.  The  concrete 
deposited  on  the  following  day  would  not  adhere  to  that  which  was 
deposited  on  the  day  previous.  When  this  caisson  was  hoisted  from 
the  bottom  of  the  harbor  with  its  enclosed  block  of  concrete,  it  was 
found  upon  removal  of  the  wooden  molds,  that  there  were  as  many 
distinct  blocks  of  concrete  as  there  had  been  days  upon  which  the 
operation  took  place. 

This  method  of  building  harbor  works  had  long  since  been  aban- 
doned by  every  harbor  engineer  in  Europe,  and  the  only  reason  known 
why  General  Newton  should  have  made  this  test,  is  that  he  wished 
to  determine  whether  or  not  the  American  Portland  cements  contained 
the  same  deleterious  substances  found  in  the  imported  German  cement 
of  that  day. 

The  practice  seems  to  be,  to  deposit  concrete  for  harbor  work  either 
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in  closed  caissons^  or  in  open  caissons  which  have  been  made  water- 
tight and  pumped  perfectly  dry. 

In  buDding  concrete  works  far  out  to  sea,  the  use  of  salt  water 
will  greatly  economize  the  first  cost  of  construction,  but  whether  the 
lasting  qualities  of  the  work  will  have  been  jeopardized  by  its  use, 
remains  to  be  determined,  and  in  a  few  cases  which  have  come  to  the 
writer's  notice,  we  will  not  have  to  wait  very  long. 

A  few  engineers  have  specified  that  no  dynamite  should  be  used  in 
quarrying  out  the  rock  in  sizes  suitable  for  the  crushers,  believing  that 
the  stone  would  be  unfit  for  important  works.  In  the  same  specifica- 
tion you  will  find  a  clause  permitting  the  stone  to  be  heated  to  an 
abnormally  high  temperature  to  drive  out  the  frost  in  severe  ctimates. 
This  heating  of  the  stones  is  of  doubtful  benefit  to  the  concrete,  unless 
the  temperature  of  the  heating  apparatus  is  within  the  control  of  the 
operator. 

The  method  of  heating  stone  for  concrete  most  commonly  used  in 
the  Eastern  States,  is  to  build  a  wood  fire  inside  a  large  section  of  a 
discarded  steel  tank  or  smokestack,  laid  horizontally  on  the  ground, 
and  a  ton  or  two  of  crushed  stone  is  heaped  over  the  heated  cylinder. 
The  result  is  evident.  The  stones  in  contact  with  the  cylinder  are 
overheated  and  consequently  weakened  long  before  the  stones  on  top 
of  the  heap  have  been  warmed  sufficiently  to  drive  out  the  frost.  A 
furnace  so  designed  that  heated  air  of  a  known  temperature  can  be 
blown  over  and  through  the  pile  of  crushed  stone  is  necessary  for 
safe  concrete  construction  in  thnes  of  frost  or  extremely  low  tem- 
peratures. 

Application. — On  heavy^  concrete  works,  where  vertical  faces  will 
be  exposed  to  view,  and  it  is  desirable  to  have  ver}^  few  if  any  marks 
showing  between  the  succeeding  layers,  the  writer  proceeds  as  fol- 
lows: At  the  end  of  a  day's  work,  or  of  a  horizontal  section,  the 
surface  is  rammed  hard  and  troweled  to  a  hard,  glassy  finish,  the 
same  as  found  on  our  best  concrete  sidewalks,  care  being  taken  to 
have  this  horizontal  surface  perfectly  level  where  the  joint  is  to  occur, 
and  for  a  space  of  three  or  four  inches  from  the  edge.     Next  morning, 
this  surface  is  washed  thoroughly,  and  when  nearly  dr\',  neat  cement 
is  deposited  uniformly  over  the  surface  through  a  number  50  sieve 
to  a  depth  of  -^^  of  an  inch.     The  concrete  for  the  succeeding ' 
then  firmly  rammed  until  the  moisture  is  barely  sufficient  to 
the  thin  coating  of  neat  cement.     If  care  is  used,  the  joir 
horizontal,  and  will  not  be  visible  except  upon  very  close  exa 
5 
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The  layers  of  concrete  at  the  rear  of  the  four-inch  strips  are  always 
made  as  rough  as  possible  before  setting  takes  place. 

Efficient  ramming  of  concrete  will  increase  its  strength  from  10  to 
50  per  cent,  over  that  which  has  been  only  dumped  into  position. 

It  is  often  specified  for  heavy  concrete  walls  for  harbors  that  the 
exposed  vertical  faces  shall  be  followed  up  with  one  inch  of  concrete 
with  all  large  stones  eliminated,  or  with  a  strong  cement  mortar,  and 
to  be  carried  up  at  the  same  time  with  the  concrete  backing.  A 
number  of  expensive  harbor  works  have  been  made  unsightly  by  the 
careless  application  of  the  outer  wearing  surface.  You  can  never 
apply  it  after  the  structure  has  been  built.  It  may  stick  for  one  season, 
but  the  action  of  frost  and  sea-water  will  soon  cause  it  to  lose  all 
adhesion.  One  way  to  overcome  the  difficulty,  which  the  wTiter  has 
applied  successfully,  is  to  first  make  the  wooden  forms  of  thick,  tongued 
and  grooved  lumber,  smooth  inside  and  covered  with  an  apphcation 
of  yellow  soap  and  alum-water  or  refrigerator  paper  of  an  oily  nature, 
which  will  not  absorb  water  or  wrinkle. 

As  the  concrete  is  being  deposited  near  the  paper-covered  planks,  a 
V-shaped  block  of  wood  or  truncated  wedge  is  inserted  between  the 
forms  and  the  concrete,  so  as  to  keep  the  concrete  away  from  the 
paper.  The  concrete,  which  should  be  ver>'  dry  at  this  location,  is  then 
rammed  extremely  hard,  so  that  when  the  wedge  is  withdrawn,  the 
concrete  will  have  enough  rigidity  to  permit  the  forcing  of  stiff  mortar 
into  the  space  left  by  the  wedge.  After  sufficient  tamping  of  the 
mortar  to  fill  any  voids  between  the  mortar  and  the  forms,  the  wedge 
is  reset,  and  the  operation  repeated  with  the  next  horizontal  layer  of 
concrete.  This  operation  cannot  be  carried  out  with  a  so-called  "  wet 
concrete,''  for  the  reason  that  the  backing  must  always  be  at  least 
four  inches  ahead  of  the  facing,  and  unless  some  measure  can  be  taken 
to  dispose  of  the  surface  water,  due  to  ramming,  the  water  will  find  its- 
way  to  the  facing,  doing  untold  mischief,  if  not  damaging  the  whole 
work.  It  is  evident  that  the  forms  should  be  ver}'  strong  and  well 
braced  to  withstand  the  most  ordinar}"  wave  action,  as  any  vibrations,, 
however  slight,  will  show  their  effects  when  the  forms  have  been  re- 
moved. The  smallest  leak  in  the  forms  should  be  stopped  at  once,  for 
any  surging  or  lowering  of  the  tide  will  cause  the  water  to  run  out^ 
washing  the  sand  and  cement  in  its  path:  the  consequence  is,  that 
when  the  forms  are  removed,  the  stones  having  no  binder  around 
them,  will  drop  out,  leaving  cavities  in  the  face  of  the  structure. 

Too  much  care  cannot  be  spent  in  the  oversight  of  concrete  works 
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under  construction.  After  the  concrete  specification  has  been  care- 
fully drawn  up  by  the  chief  engineer,  a  copy  is  handed  over  to  his 
inspector  (who  is  usually  a  new  graduate)  to  see  that  its  provisions 
are  carried  out.  Men  of  this  class  do  not  take  kindly  to  watching  men 
dump  stuff  into  one  end  of  a  mixing  machine  and  hauling  it  away  from 
the  other  end  to  be  dumped  again.  Having  just  passed  his  "exam'' 
on  "Euler's  criterion"  and  the  ^'Chezy  formula,"  he  looks  upon  such 
an  assignment  as  a  little  beneath  his  capabilities,  and  will  sometimes 
ask  to  be  given  charge  of  a  survey  or  some  cleaner  job.  The  fact  of 
the  matter  is,  that  at  no  stage  of  the  work  will  he  be  called  upon  to 
exercise  more  care  and  judgment  than  when  placing  the  concrete  for 
a  foundation,  no  matter  whether  the  structure  be  a  pier  for  a  bridge, 
a  covering  for  a  filtration  plant,  or  a  retaining  wall  for  a  harbor.  If 
the  builder,  who  may  be  inclined  to  be  "slippery,"  does  not  succeed 
in  beating  him  on  the  concrete  foundations,  he  can  rest  assured  that 
he  will  have  comparatively  little  chance  for  complaint  on  the  re- 
mainder of  the  structure.  At  this  point,  more  than  at  any  other, 
will  an  ill-considered  decision  involve  the  reputation  of  his  chief 
and  himself  in  disaster. 
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<\      REINFORCED  CONCRETE  IN  BUILDING  CONSTRUCTION. 

EMILE    G.    PERROT. 
Bead  Ftbmary  tO,  1901,. 

Mr.  President  and  Gentlemen:  It  is  my  purpose,  in  re-opening  the 
discussion  on  this  topic,  to  bring  to  your  attention  the  application 
of  this  material  to  building  construction,  particularly  to  factor^'  or 
mill  building,  and  to  discuss  the  subject  from  the  architect\s  stand- 
point, showing  the  advantages  and  drawbacks  incident  to  its  use. 

With  the  marked  improvement  in  the  design  of  mills,  brought 
about  largely  by  the  requirements  of  the  insurance  companies  ^ith 
a  view  to  reducing  the  loss  from  fire,  the  modem  mill,  erected  on 
the  principle  of  *' slow-buniing  mill  construction/'  and  equipped  with 
all  the  accessories  to  prevent  the  spread  of  fire,  should  one  take  place, 
has  come  to  be  regarded  as  a  standard  for  such  buildings;  the  idea 
of  constructing  fireproof  mills  not  having  taken  a  ver\'  firm  root 
in  this  countr}'.  Since  the  advent  here,  however,  of  reinforced  con- 
crete as  a  means  of  construction,  the  subject  has  engaged  the  attention 
of  architects  and  engineers,  until  to-day,  we  see  its  use  becoming 
more  general;  but,  like  all  new  systems,  it  has  met  with  varied  success. 

Being  closely  identified  with  the  construction  of  mill  buildings,  the 
problem  of  making  them  more  nearly  fireproof  and  less  susceptible 
to  deterioration  and  at  the  same  time  consistent  with  a  fair  first 
cost,  has,  we  think,  been  solved  in  the  use  of  this  system  of  construc- 
tion. Moreover,  the  scarcity  of  good  quality,  large  size,  yellow  pine 
timber  for  pasts  and  girders  in  slow-burning  mill  construction,  has 
often  compelled  the  use  of  a  greater  number  of  posts  or  other  feature 
of  construction  not  altogether  desirable. 

In  considering  the  advantages  and  disadvantages  of  reinforced 
concrete,  the  architect  is  confronted  with  many  important  questions 
which  must  be  answered  aright  before  any  definite  plans  can  be 
drawn. 

First  and  most  important.  Is  reinforced  concrete  "reliable*' — will 
it  stand  up? 

Second:  Does  its  added  weight  work  to  its  disadvantage? 

Third:  Can  it  be  erected  with  suflicient  s|)eed  and  in  weather  of 
varjung  degrees  of  temixrature? 


I 


I 
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feature  of  the  construction  I  will  take  up  more  fully  in  the  latter  part 
of  this  paper. 

The  fireproof  quality  of  reinforced  concrete  has  been  established 
beyond  a  doubt,  not  only  by  actual  conflagrations,  but  also  by  ex- 
perimental fire  tests  made  under  the  direction  of  the  Philadelphia 
Bureau  of  Building  Inspection  and  the  New  York  Building  Bureau. 

The  follomng  are  extracts  from  the  report  of  Building  Inspector 
Paul  J.  Essick,  Jr.,  on  the  fire  test  at  Philadelpha: 

Philadelphia,  Jutic  20,  1903. 
Robert  C.  Hill,  Esq.,  Chief  of  Bureau  of  Building  Inspection, 

Dear  Sir:  Pursuant  to  your  direction,  I  visited  the  foundr\'  of 
Messrs.  Cresswell  &  Waters  Co.,  Nicetown,  in  the  yard  of  which  a 
test  was  to  be  made  of  the  de  Valliere  system  of  reinforced  concrete 
floor,  beams  and  columns  by  Mr.  J.  O.  Ellinger,  the  manager,  and 
beg  leave  to  report  on  said  test  as  follows :  A  section  of  the  floor  had 
been  erected  enclosed  on  four  sides  with  13-inch  brick  w^alk  to  a 
height  level  with  the  top  of  the  concrete  floor  having  a  fire-door, 
front  and  back  draft  opening,  and  grate  surface  with  four  chimneys 
so  as  to  make  a  regular  furnace. 

The  construction  of  the  section  was  as  follows: 

Floor:  Size  8  feet  by  18  feet,  equals  144  square  feet  of  floor  surface. 

Columns:  4  by  16-inch  columns  flush  with  ends  but  10  inches  from 
side,  reinforced  with  four  steel  nxls  1^  inches  diameter,  placed  per- 
pendicular at  10-inch  centere.     Height  of  column:  9  feet  If  inches. 

Girders:  Two  girders  8  inches  by  14  inches  reinforced  by  four  steel 
rods  1  inch  diameter  hung  in  stirrups  of  twisted  fVinch  steel,  and 
having  an  eye  at  top  through  which  the  jVii^t'h  round  rods  of  the 
slab  were  placed.  These  four  rods  were  placed  within  2  inches  of 
the  bottom  of  girder,  the  two  lower  rods  nmning  straight  to  the 
column,  while  the  upper  two  rods  were  bent  so  as  to  reach  the  top 
of  girder  at  the  column. 

Floor:  The  floor  was  5  inches  thick,  having  a  layer  of  flinch  rods 
at  bottom  of  floor,  8-inch  centers,  and  another  layer  running  from 
bottom  at  cent<*r  to  top  at  outer  edge,  for  purpose  of  strengthening 
the  overhang  of  14  inches  of  the  floor. 

The  columns,  beams,  and  floor  having  been  built  continuously,  it 
was  in  one  solid  mass. 

The  proportions  of  the  concrete  were:  1  of  Alpha  Portland  cement, 
3  of  Jersey  gravel,  and  5  of  trap  rock.  Age:  two  months.  Slight 
fire  started  on   16th  inst.  to  dry  out  brickwork. 

A  load  of  150  pounds  per  square  foot  was  placed  on  slab  June  16, 
1903;  total  load  21,600  pounds  of  pig  iron. 

Start  of  Test:  Fire  test,  started  at  9.10  a.  m.,  June  17,  1903,  using 
oak  cord  wood  for  fuel.  At  1.15  hose  was  turned  on  from  fire-plug, 
using  the  regulation  hose  of  the  Fire  Department  and  with  a  pressure 
at  fire  hydrant  of  65  pounds.  The  total  deflection,  under  load  of 
150  pounds  per  scjuare  foot,  and  fire  and  wat<*r,  was  2jV  inches. 
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On  examination  at  9.10  a.  m.,  June  18,  1903,  I  found  the  concrete 
columns,  beams,  and  slab,  ^\'ith  considerable  heat,  at  least  150  degrees, 
continuing  warm  all  day  and  cooling  exceedingly  slowly.  No  separa- 
tion whatever  had  taken  place  between  slab  and  beams.  No  spalling 
of  exposed  surfaces  was  observed,  though  bottom  surface  of  slab  was 
at  a  cherr\'  red.  The  mean  average  readings  of  pyrometers  during 
the  fire  was  1776  degrees. 

Correcting  the  levels,  I  find  that  there  was  a  total  deflection,  at 
this  time,  of  1  inch,  showing  that  the  floor  recovered  in  cooling  1^ 
inches.  Inside,  the  surface  of  concrete  shows  a  slight  superficial 
crack  near  front  end.  The  northeast  column  shows  a  shearing  break 
about  3y\  inch,  vertically  across  comer.  Other  parts  in  splendid 
condition. 

On  increasing  load  of  pig-iron  the  northwest  column  showed  a  per- 
pendicular crack  through  center.  Part  of  the  back  wall  of  furnace 
was  torn  do^vn  to  see  the  back  of  columns,  and  a  crack  was  found 
running  nearly  around  both  north  columns. 

On  June  19th,  at  9.15  a.m.,  fifteen  hours  after  the  last  reading, 
there  w^as  no  increase  in  the  deflection  under  a  load  of  602  pounds 
per  square  foot.  The  back  columns,  or  those  on  the  north,  showed  a 
buckle  of  f  of  an  inch. 

One  other  important  feature,  which  is  interesting  to  the  architect 
and  engineer,  inasmuch  as  it  affects  the  pecuniar}^  interest  of  the 
client,  is  the  rate  of  insurance.  Making  the  comparison  with  similar 
buildings  of  the  slow- burning  type,  everj^thing  else  being  equal,  the 
rate  on  the  reinforced  concrete  type  is  considerably  lower  than  on 
the  slow-burning  type ;  this  is  seen  in  the  case  of  the  Bilgram  Machine 
Shop,  where  the  rate  is  only  twenty  cents  per  hundred,  while  on  the 
slow-burning  type  the  rate  would  be  more  than  double  this  amount. 
The  rate  on  the  Forrest  Laundr}-  is  thirty-five  cents  per  hundred, 
while  on  a  laundr>'  building  of  the  slow-burning  type  the  rate  would 
be  seventy  cents  per  hundred.  We  understand  from  the  insurance 
agent  that  the  rate  on  this  particular  building  is  cheaper  than  any 
other  laundry  rate  in  the  United  States ;  furthermore,  the  same  owner, 
while  in  temporar}-  quarters  af te r  i  h  r  dr?^  t  n  ]  r  n  t » n  at  i i  j  i^  hi  h  li  1  i  r\g  by 
fire  (the  building  being  of  slow-biinijng  mill  conrttrurtion^  e]mnkkHi)j 
paid  $1.57  per  hundred  insurance.  This  giv<^  ssumt*  ideft  uf  th*?  s***"*^" 
effected  by  using  this  system  of  nuij^triiftinn. 

The  cost  of  reinforced  concrete,  its  f'rMnpun*d  with  the*  ato' 
type  on  the  one  hand  and  steel  frume,  fireproof cd  witt^F 
on  the  other,  reveals  some  interesting  figurtii^;  Tlio  fr"" 
from  the  actual  estimates  receivc^cl  un  the  buildift*' 
bids  of  the  Forrest  Laundrv  for  the  slow*buf«ir 
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I  might  mention  here,  that  it  is  due  to  the  indefatigable  labors  of 
Mr.  J.  0.  Ellinger,  whose  work  in  this  field  is  well  known,  that  re- 
inforced concrete  is  a  reality  in  Philadelphia,  and  through  his  per- 
sistent efforts,  in  conducting  to  a  successful  issue  his  fire  tests,  the 
Philadelphia  Bureau  of  Building  Inspection  has  placed  buildings  con- 
structed of  reinforced  concrete  under  the  head  of  buildings  of  the 


ChAi^TJ^p  c  r/cw 
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Fio.  2. 


first  class;  likewise,  New  York  has  placed  his  system  in  the  class 
which  comes  under  the  head  of  ^^  fireproof.'' 

To  come  to  the  practical  application  of  the  various  patente 
such  as  the  Ransome,  De  Valliere,  Hennebique,  etc.,  we  f 
disposition  of  posts   and  girders  similar  to  that  in  slow-b 
construction  is  entirely  satisfactory^  and  that  it  is  only 
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consider  the  wood  constniction  as  being  petrified  and  we  have  the 
construction  in  reinforced  concrete;  that  Ls,  the  heavy  beams  taking 
the  place  of  the  cross  girder  and  the  concrete  slab  the  3  or  4  inch 
plank.  As  to  making  the  walls  of  concrete  in  mill  buildings  built  in 
the  city,  there  is  no  saving  of  cost,  and  our  practice  so  far  has  been 
to  use  brick  walls.  An  isometric  view  of  such  a  floor  is  sho\vn  in 
Fig.  2.  It  has,  in  addition  to  the  cross  beam,  a  longitudinal  beam  or 
girder.  The  constniction  is  what  would  be  termed  a  framed  con- 
struction if  it  were  executed  in  wood.  The  longitudinal  girder  is  a 
few  inches  deeper  than  the  cross  girder  for  a  very  important  reason; 


Fig.  3. — Basement  op  Higo  Bilgram's  Machine  Shop. 


that  is,  to  permit  the  bottom  rods  in  the  beams  to  rest  on  top  of  the 
bottom  rods  of  the  longitudinal  girder,  so  as  to  obtain  direct  bearing, 
one  on  the  other,  and  thus  avoid  straining  the  concrete.  Other 
details  of  constniction  are  shown  in  this  view,  such  as  the  stringer 
pieces  to  secure  the  shafting.  An  isometric  view  of  the  steel  rein- 
forcement is  shown  in  the  lower  right-hand  comer.  In  the  lower 
left-hand  comer  is  shown  the  method  of  anchoring  concrete  beams  to 
the  wall;  a  dove-tail  pocket  being  built  by  the  mason,  into  which  the 
concrete  is  poun^d.  Cast  or  wrought  iron  bearing  plates  should  be 
placed  under  all  girders. 
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It  has  been  our  practice,  in  the  better  grade  of  buildings,  to  plaster 
with  white-coat  the  reinforced  concrete,  which  increases  the  brilliancy  of 
the  building  at  least  twenty-five  per  cent.  Where  a  ver>^  smooth  finish 
is  not  absolutely  necessar>%  the  concrete  work  can  be  painted  with  some 
make  of  cold-water  paint  or  white- washed.  This  was  done  in  the 
the  basement  of  the  Hugo  Bilgram  Machine  Shop  with  ver}^  good 
results. 

Theory. — The  usual  theory  of  the  resistance  of  materials,  based  on 


Fig.  4. — Interior  Sbcond  Story,  Biloram's  Machine  Shop,  showing  Concretk 

Pl.A.STERKD,    AND    WoOD   STRINGER    PlECES    FOR    HaNGKRS. 


the  hypothesis  that  a  section  plane  before  bending  remains  sensibly 
plane  after  bending,  while  not  held  by  all  engineers  as  being  abso- 
lutely exact,  is, 'however,  sufficiently  so  for  all  practical  considera- 
tions when  applied  to  simple  flexure;  and  this  hypothesis  forms  the 
basis  of  all   the  formula?  used   in  the  writer's   calculati'^  ~     S 

French  engineers  as  Considere  and  Christophe,  and  Americr 
as  Thatcher,  hold  to  the  above  tenets,  and  I  do  not  s 
reason  why  the  theor}*  of  reinforced  concrete  beams 
refined  as  to  reduce  the  calculations  to  an  exactnesr 
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doubtedly  rendered  nil  by  the  inequalities  almost  sure  to  exist  in  the 

concrete  mixture  and  irregular  workmanship. 

On  the  assumption  that,  within  the  elastic  limit,  the  stresses  are 

uniformly  varying  across  the  section,  the  fundamental  formula  for 

the  flexure  of  beams  may  be  reduced  to  the  following,  for  reinforced 

concrete  beams  of  rectangular  section,  with  reinforcement  in   the 

bottom  only,  neglecting  the  effect  of  the  concrete  in  tension: 

2  1 

M  =  ^aX2  P^^  +  ^s*^- 

in  which: 

M  =  bending  moment  in  inch  pounds : 

a  --  the  distance  from  the  neutral  axis  to  the  most  remote  fibre 
in  compression: 

p  =  the  unit  compressive  strain  on  the  concrete: 

e   --  the  width  of  the  beam: 

t    ^=z  the  unit  tensile  strain  on  the  steel : 

s    --the  area  of  the  steel: 

b  --  the  distance  from  the  neutral  axis  to  the  center  of  action  of 
the  steel. 

The  determination  of  the  neutral  axis  is.  therefore,  the  key  to  the 
solution  of  the  equation.  If  we  represent  the  height  of  the  beam 
by  h,  then  the  fraction  * ,  which  we  shall  call  x  in  the  next  formula, 
represents  the  fractional  part  of  the  height  of  the  beam  in  compres- 
sion; likewise,  the  fraction  ^"^^^  which  we  shall  call  y,  equals  the  per- 
centage of  the  metal  in  relation  to  the  total  sectional  area  of  the 
beam.  By  assuming  the  coefficient  of  elasticity  of  steel  as  being 
twenty  times  that  of  concrete  (the  value  established  by  the  Phila- 
delphia Bureau  of  Buikling  Inspection),  we  deduce  the  following 
formula,  which  defines  the  position  of  the  neutral  axis  in  fractions  of 
the  percentage,  or — 


X 


=  2ny  (-  1  -f  ^11  _    1 


\' 


12 


y). 


This  formula  is  based   upon  the  steel  reinforcement  being  located 
five-sLxths  the  depth  of  the  beams  from  the  top. 

In  calculating  the  strength  of  beams  with  floor  slab  united  thereto, 
the  beams  and  slabs  are  considered  a  T  section  and  the  beam  figured 
accordingly;  of  course,  should  the  neutral  axis  fall  in  the  slab,  the 
formula  used  for  rectangular  beams  will  hold  good  for  these  T  sections, 
since  we  neglect  the  consideration  of  the  concrete  in  tension  and  are 
only  concerned  with  that  in  compression. 
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The  formula  for  T  sections,  then,  when  the  neutral  axis  falls  below 
the  slab,  becomes — 

M  =  -^[aV  (3h'  -  a)  -  (a  -  g)'  (w  -  e)  (3h'  -  a  -  2g)]. 

in  which  p,  a,  and  e  have  the  same  meaning  as  before,  and  w  =  the 

width  of  the  slab, 
h'  =  the  distance  from  the  top  of  the  slab  to  the  center  of  action 

of  the  reinforcement, 
g  =  the  thickness  of  slab. 


Fig.  5. — View  of  Second  Floor  ok  Forrest  Laundry  dcrixo  Constuiction. 


The  working  stresses  of  the  concrete  we  have  assumed  as  5(X)  pounds 
per  square  inch,  and  that  of  the  steel  as  16,000  pounds  per  square 
inch;  these  values  being  established  by  the  Philadelphia  Bureau  of 
Building  Inspection. 

The  effect  of  shear  upon  a  beam  seems  to  have  been  ver}'  little 
considered  in  the  early  study  of  reinforced  concrete,  but  since 
obtained  by  practical  tests  seem    to    indicat<*  that  beams  dr 
without  the  use  of  steel,  to  take  up  the  shearing  strains,  fail 
cracking  of  the  concrete,  several  systems  have  been  devised 
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ten  years  and  it  is  the  plan  of  the  Bureau  of  Surveys  to  continue  this 
reconstruction  until  all  defective  portions  of  this  sewer  system  are 
replaced  by  modem  work.  The  surcharge  of  this  sewer  has  also  been 
relieved  by  the  construction  of  two  relief  sewers,  one  of  which  was  com- 
pleted some  years  ago,  the  other  having  just  been  completed.  There 
has  never  been  a  break  in  those  portions  of  this  sewer  which  have 
been  reconstructed  during  the  past  ten  years  under  modern  methods. 
The  cost  of  the  reconstruction  has  varied  from  $45.00  to  $90.00  i>er 
foot,  depending  upon  the  depth  of  the  excavation.     (See  Fig.  14.) 

DISCI'SSION. 

George  S.  Websteh. — In  .some  of  the  old  sewers  which  have  caused  trouble 
in  the  city  of  Philatlelphia  it  has  been  found  upon  investigation  that  tlie  brick 
inverts  were  partly  or  wholly  worn  out;  this  was  especially  true  where  the 
velocities  were  great  and  where  gravel  or  other  heavy  material  had  entered 
the  sewer.  To  avoid  this,  in  modem  construction  the  inverts  of  brick  sewers 
having  high  velocities  are  built  with  granite  or  trap  rock  blocks.  Where  the 
velocity  of  the  sewer  when  running  full  will  be  less  than  12  feet  per  second, 
and  more  than  8  feet  per  second,  vitrified  shale  bricks  are  used,  and  for  velocities 
lower  than  8  feet  i)er  second  the  inverts  are  formed  of  hard-burned  clay 
bricks. 

In  designing  sewers  the  following  table  has  been  adopted,  giving  the  gradient* 
for  the  determination  of  the  materials  to  be  used  in  sewer  inverts. 

At  a  number  of  places  in  the  old  Cohocksink  sewer,  which  is  13  feet  in  diameter, 
the  bottom  was  found  to  have  been  completely  carried  away.  The  ortlinarj' 
flow  amounts  to  about  2  feet  in  depth.  In  making  examinations,  inspectors, 
walking  through  the  sewer  with  a  safety  line,  would  at  points  suddenly  drop 
into  holes  two  or  three  feet  deep,  showing  that  the  whole  foundation  had  wa^hetl 
out,  leavhig  the  arch  with  but  little  support. 

All  large  sewers  built  in  recent  years  have  l>een  founded  in  masonr>'  or  con- 
crete cradles. 

Mr.  Ott. — All  of  the  rectangular  section  sewers  shown  were  built  where  they 
will  have  ver>'  shallow  depths  of  covering.  The  construction  of  the  ordinary 
brick  arch  type  was  i>rohibitor>\  The  departure  from  the  circular  or  approxi- 
mately circular  form  is  only  warranted  by  such  conditions  of  location,  inasmuch 
as  the  prices  bid  for  circular  brick  sewers  have  been  somewhat- less  than  those 
bid  for  rectangidar  section  concrete  sewers,  with  or  without  reinforcement, 
the  conditions  of  risk,  excavations,  foundations,  and  duties  being  equal.  Gen- 
erally the  rectangular  section  is  not  desirable  for  a  sewer  of  variable  flow. 

Wm.  1v\sby,  Jr. — Have  any  systematic  sewer  gaugings  been  made  in  the 
city  of  Philmlelphia ;  and  if  so,  are  they  published? 

Mr.  Wehster. — There  have  been  established  six  pluviometer  stations, 
widely  distributetl  over  the  area  of  the  city,  where  delicate  automatic  recording 
instrument-^,  giving  the  amount  and  the  intensity  of  the  rainfall,  are  main- 
tainetl.     There  have  also  been  established  five  sewer  gauging  stations  contain- 
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6  by  8  inches  long  with  four  ^^-inch  rods,  was  placed  in  brine  for  six 
months  in  order  to  determine  the  effect  of  this  solution  on  the  em- 
bedded steel,  having  in  mind  the  design  of  a  certain  building  in  which 
brine  or  salt  water  was  used  ver\'  freely.  We  made  this  test  to  deter- 
mine the  advisability  of  this  form  of  construction.  When  the  cube 
was  broken  open,  the  rods  showed  no  trace  of  rust  and  were  as  bright 


C/?056  v5^cr/o/v. 

Fio.  7. — i^uRREsT  Laundry. 


as  the  day  they  were  embedded  in  the  concrete.     This  is  only  another 
demonstration  of  the  protection  afforded  the  reinforcement  b' 
concrete,  anj  is  especially  interesting,*  as  all  the  rods  were 
within  an  inch  of  one  face  of  the  prism  and  the  ends  of  son? 
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Tables  for  Egg-shaped  Sewers. 


ViTRinED  Shale  Brick   Invert  (See  Std. 

Details)  to  be  Used  in  all  Cases  where 

Gradients  are  More  Than  : 


Stone  Block  Intert  (See  Std.  Details)  to 
BE  Used  in  all  Cases  where  Gradi- 
ents ARE  More  Than  : 


2feet3 
2 feet  6 
3  feet  0 
3  feet  3 

3  feet  6 

4  feet  0 
4  feet  6 


Diameters. 

inches  Xl  foot 
inches  Xl  foot 
inches  X  2  feet 
inches  X  2  feet 
inches  X  2  feet 
inches  X  2  feet 
inches  X  3  feet 


Grade  Per 
100  Feet 


6  inches 
8  inches 
0  inches 
2  inches 
4  inches 
8  inches 
0  inches 


2.40  feet 
2.00  feet 
1.75  feet 
1.40  feet 
1.25  feet 
1.00  feet 
0.85  feet 


Diameters. 


Grade  Per 
100  Feet 


2  feet  3  inches  X 

2  feet  6  inches  X 

3  feet  0  inches  X 
3  feet  3  inches  X 

3  feet  6  inches  X 

4  feet  0  inches  X 
4  feet  6  inches  X 


1  foot  6 

1  foot  8 
2feet0 

2  feet  2 
2feet4 

2  feet  8 

3  feet  0 


inches 
inches 
inches 
inches 
inches 
inches 
inches 


5.40  feet 
4.50  feet 
4.00  feet 
3.00  feet 
2.75  feet 
2.30  feet 
2.00  feet 


Note. — These  gradients  are  figured 
for  a  mean  velocity  of  8.32  feet  per 
second  running  full  or  half  full.  When 
running  0.3  full,  velocity  =  6.24  feet 
per  second. 


Note. — These  gradients  are  figur«l 
for  a  mean  velocity  of  12.48  feet  per 
second  running  full  or  half  full.  When 
running  0.3  full,  velocity  •=  9.36  feet 
per  second. 


side  walls  antl  invert  of  concrete  not  reinforced,  top  of  I-beams  and  concrete 
arches,  and  cost  inclusive  of  the  timl)er  foundation  $46.32  per  linear  foot.  A 
continuation  of  the  same  sewer  of  the  same  section,  but  built  of  reinforced 
concrete  on  pile  foundation,  cost  $42.66  per  linear  foot,  inclusive  of  the  pile 
foundation.  The  work  was  done  by  different  contractors  and  is  in  favor  of  the 
reinforced  concrete  construction  at  the  rate  of  $3.66  per  linear  foot.  The  con- 
tinuation of  the  reinforced  concrete  sewer  without  timber  foimdation  cost 
$32.00  per  Ihiear  foot,  and  a  circular  brick  sewer  having  the  same  capacity  and 
duty,  being  a  continuation  of  the  rectangular  reinforcetl  concrete  section,  all 
the  surrounding  conditions  being  equal,  cost  $24.90  per  linear  foot.  The  work 
was  done  by  different  contractors  and  is  in  favor  of  the  brick  circular  sewer  at 
the  rate  of  $7.10  per  linear  foot. 
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NOTES  ON  LUTES  AND  CEMENTS. 

SAMUEL   8.    SADTLER. 
Read  June  4,  190L 

In  a  recent  paper  read  by  me  before  the  Chemical  Section  of  the 
Franklin  Institute  I  treated  in  a  general  way  of  the  subject  of  lutes 
and  gave  some  examples  under  the  following  heads:  (1)  Plaster 
of  Paris;  (2)  hydraulic  cement;  (3)  clay;  (4)  lime;  (5)  asphalt 
and  pitch;  (6)  resin;  (7)  rubber;  (8)  Hnseed  oil;  (9)  casein 
and  albumen;  (10)  silicate  of  soda  and  chloride  cements;  (11) 
flour  and  starch;    (12)  miscellaneous. 

When  asked  to  read  a  paper  before  this  Club,  I  thought  it  might 
be  of  interest  to  treat  of  certain  kinds  of  lutes  and  cements  most  likely 
to  be  used  by  engineers  and  arranged  according  to  the  intended  appli- 
cation. 

I  have  taken  up  this  subject,  not  because  there  was  little  to  be  found 
in  the  literature,  but  because  what  is  recorded  is  not  very  dependable 
and  is,  in  most  cases,  vouched  for  by  no  one.  It  seems  to  be  copied 
and  abstracted  from  one  source  to  another  until  no  one  would  be 
willing  to  assume  the  authorship.  A  great  many  of  the  formulae 
given  n  encyclopedic  works  show  that  the  authors  were  ignorant  of 
the  nature  of  the  ingredients  they  used.  Many  formulae  are  impossible, 
having  incompatibles  from  a  chemical  standpoint,  a  mistake  that 
young  doctors  sometimes  make  in  their  prescriptions;  then  many 
are  of  foreign  origin  and  the  use  of  grain  alcohol  is  referred  to  as  if 
it  were  as  cheap  as  petroleum-naphtha ;  or  potato-starch  is  used  where 
we  would  use  corn-starch  for  economy.  The  great  bulk  of  them  are 
verv*  inferior  in  usefulness  and  a  Hmited  number  are  impracticable. 
It  has  been  my  endeavor  to  pick  out  some  of  the  best. 

With  regard  to  the  Hterature  on  this  subject,  a  great  deal  of  informa- 
tion may  be  had  in  the  formula  books,  such  as  those  of  Spon,  Wahl 
and  Brannt,  a  long  article  in  Muspratt's  *' Handworterbuch  der 
Chemie/'  and  similar  places.  The  engineering  hand-books  are  prac- 
tically barren  of  any  information  on  this  subject. 
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which  fell  doi|fn,  but  from  what  cause  I  do  not  know.  If  there  had  been  higher 
buildings  alongside  of  this  four-story  structure  and  they  had  collapsed,  nothing 
could  have  saved  it,  because  it  was  of  light  construction. 

In  reply  to  other  questions  Mr.  Perrot  made  the  following  statements: 

The  arched  slab  b  a  characteristic  form  of  the  Hennebique  83rstem.  I 
understand  this  form  of  slab  was  used  in  connection  with  the  flat  slab  in  the 
J.  L.  Mott  Iron  Works  Company^s  building  at  Trenton,  which  failed  last  Decem- 
ber (sketching  on  the  board). 

We  are  building  a  mill  at  Bnstol  in  which  we  are  going  to  have  a  concrete 
floor.  The  distance  between  girders  is  8  feet  and  we  have  a  five-inch  slab. 
Now,  we  intend  to  carry  only  150  pounds  per  square  foot.  The  concrete  floor 
of  the  Mott  building  was  designed  for  250  pounds  per  square  foot,  and  I  do  not 
believe  the  slab  is  anything  near  that  thickness.  It  is  altogether  a  matter 
of  safety.  It  does  not  make  much  difference  what  system  of  construction 
is  used;  they  will  all  lead  to  failure  if  lacking  in  strength.  It  is  all  a  matter 
of  design  and  workmanship. 

The  vertical  rods  in  the  colunms  take  up  the  bending,  which  causes 
compression  on  one  side  and  tension  on  the  other.  In  Philadelphia,  the  Bureau 
of  Building  Inspection  does  not  allow  the  use  of  a  unit  strain  of  more  than 
five  hundred  poimds  per  square  inch  in  compression.  The  rods,  therefore, 
do  not  count  for  much  except  to  keep  the  concrete  from  cracking.  I  do  not 
believe  in  building  concrete  walls  without  rods,  because  they  are  bound  to 
crack. 

It  is  our  custom  is  to  leave  floor  forms  in  place  two  weeks.  In  constructing 
the  Forrest  Laundry  we  had  two  sets  of  forms.  The  first  set  was  used  in  the 
basement  to  support  the  first  floor,  and  was  left  in  two  weeks.  After  the  con- 
crete was  laid  on  the  first  floor  they  built  up  the  forms  to  support  the  second 
floor  and  by  the  time  the  concrete  for  the  second  floor  was  in  place,  that  of  the 
first  was  sufficiently  hardened  to  use  the  forms  for  the  third  floor,  with  the 
necessary  alterations,  so  we  took  the  forms  out,  and  so  made  good  time. 

Armored  concrete  construction  may  be  executed  as  fast  as  the  material  can 
be  put  in  place.  A  good  many  contractors  use  only  one-inch  material  for  the 
forms.  Better  contractors  use  two-inch.  Another  thing  about  the  forms: 
they  should  be  put  together  in  such  a  manner  that  they  can  be  taken  down 
easily.  This  is  facilitated  by  not  driving  the  nails  as  far  as  the  head.  There 
is  a  waste  of  material,  of  course,  in  transferring  forms  from  one  story  to  another. 
The  loss  is  about  five  to  ten  per  cent. 

Attempts  to  color  exterior  concrete  waUs  by  mixing  the  coloring  matter  in 
the  concrete  have  been  unsuccessful.  The  cement  acts  as  a  chemical  on  the 
color.  I  would  not  advocate  it.  It  is  better  to  paint  the  concrete  after- 
wards. I  do  not  see  any  good  reason  for  painting  it.  If  you  want  to  get  a 
color  scheme,  try  to  use  sand  which  has  some  kind  of  color,  red  or  yellow. 

Walter  F.  Ballinqbr. — There  are  just  two  points  I  wish  to  mention.  Mr. 
Perrot's  remark  might  have  been  misimderstood  as  to  a  wooden  building  of 
our  design  having  fallen  down.  A  portion  of  a  wooden  saw-tooth  roof  construc- 
tion fell  down  while  in  the  contractor's  hands,  before  any  attempt  was  made 
to  complete  it,  due  to  insufficient  shoring.  Answering  the  question  that  one 
gentleman  asked  about  the  cost  compared  with  other  construction,  I  might 
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add  to  the  examples  which  Mr.  Perrot  has  mentioned,  that  a  certain  cottage 
building  in  connection  with  this  orphanage,  which  he  showed  on  the  screen, 
which  cost  about  $15,000  in  the  ordinary  construction,  would  have  cost  $2,100 
more  had  the  floors  been  of  reinforced  concrete,  with  wire  lath  and  cement 
plaster  partitions.  You  see  there  is  a  difference  in  that  case  of  about  fifteen 
per  cent.  In  the  case  of  the  Methodist  Hospital  Dbpensary,  for  which  the  con- 
tract is  just  let,  the  cost  in  joist  construction  was  $18,000,  and  the  alternate 
bids  showed  $3,600  additional  for  reinforced  concrete  construction.  That 
would  be  about  twenty  per  cent,  greater  for  the  concrete  construction.  In 
a  certain  factory  we  had  an  estimate  of  $56,000,  for  slow-burning  mill  construc- 
tion, which  would  have  cost  $6,000  additional,  or  $62,000,  for  concrete,  which  is 
an  advance,  in  that  case,  of  about  eleven  per  cent,  over  slow-burning  mill  con- 
struction. In  another  building  it  was  foimd  that  the  omission  of  the  tank 
with  its  supports,  necessary  for  a  sprinkler  system,  and  the  sprinkler  system 
itself,  just  evened  up  the  cost  of  a  building  of  concrete  reinforcement  and  one 
of  slow-burning  mill  construction.  That  is,  it  was  foimd  that  a  lower  insurance 
rate  would  be  obtained  on  a  building  of  reinforced  concrete  without  sprinklers 
than  on  a  slow-burning  mill  construction  with  sprinklers — about  one-half  the  rate 
— and  the  cost  appeared  to  be  about  equal. 

Mr.  Soxjder. — ^There  is  one  point  that  is  interesting  to  me.  I  imderstood 
Mr.  Perrot  to  say  that  the  concrete  is  plastered.  Was  this  plastering  applied 
while  the  concrete  was  still  green  or  damp,  shortly  after  the  forms  were  moved, 
or  after  it  became  hard?  In  my  experience,  plastering  concrete  work  after  it 
has  become  hard  does  not  give  satisfactory  results.  The  plaster  does  not 
adhere. 

In  the  case  of  some  of  the  early  concrete  bridges  built  by  the  city  of  Phil- 
adelphia, a  plaster  surface  was  laid  on  after  the  concrete  had  hardened.  I 
have  inspected  all  of  these  structures  and  foimd  in  many  cases  that  the  plaster 
coating  was  hollow  and  in  some  cases  had  fallen  off.  Plastering  was  also  tried 
on  a  small  house  which  I  built  of  concrete,  but  the  result  was  not  good. 

We  used  liquid  cement.  Possibly  the  surfaces  we  applied  it  to  were  too  dry. 
It  was  never  satisfactory  to  me.  My  practice  is  to  apply  the  cement  plaster 
against  the  forms,  just  before  the  concrete  is  laid,  the  whole  being  compacted 
by  nunming.  In  this  way  the  plaster  is  well  bonded  with  the  concrete  mass. 
This  method  was  specified  for  some  concrete  bridges  which  I  designed  for  the 
city  of  Philadelphia  and  which  gave  good  results. 

Mr.  Perrot. — On  the  interior  of  a  building,  we  put  on  the  plaster  the  same 
as  you  plaster  a  brick  wall,  and  that  is  the  way  we  treated  the  concrete.  Plaster 
the  concrete  at  the  same  time  you  plaster  the  wall.  The  plasterers  were  very 
particular  to  use  a  special  mixture  which  consisted  of  plaster  of  paris  mixed  with 
a  large  proportion  of  lime — really  what  you  would  call  a  white  coat.  The  cement 
wiU  not  discolor  the  white  coat,  when  painted,  if  the  wall  is  dry.  We  have  had 
paint  disfigured  on  a  brick  wall  which  was  plastered.  If  the  wall  is  not  dry, 
it  makes  no  difference  whether  it  is  cement  or  what  it  b,  it  is  going  to  discolor 
the  paint.  That  is  simply  a  matter  of  experience  with  every  kind  of  construc- 
tion. With  this  construction  we  have  used  only  a  white  coat,  and  so  far  it 
has  been  very  good.  Under  vibrating  loads  the  plastering  remains  in  position. 
Whether  it  will  remain  in  position  ten  years  from  now  is  a  question. 
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Henry  H.  Quimby. — When  you  use  the  floor  slab  as  part  of  a  beam,  how 
much  of  the  slab  m  width  do  you  figure  on  for  compression? 

Mr.  Perrot. — That  is  the  important  point.  We  have  compiled  a  nimtiber 
of  tables  and  formulae  to  determine  that  very  thing.  We  have  a  8)r8tem  of 
tables  which  shows  at  a  glance  how  far  we  must  place  the  beams  apart  in  order 
to  have  sufficient  width  of  slab.  The  formula  I  gave  on  the  board  will  tell 
you  that.  We  solve  the  equation  for  that  particular  quantity,  namely  W, 
or  the  width  of  the  slab.  Each  case  has  to  be  worked  out,  and  we  have  made 
tables  so  that  they  would  not  have  to  be  worked  out  a  second  time. 

H.  Wilmbrding. — I  hardly  know  what  to  say,  except  that  I  have  been  very 
much  interested  in  the  discussion.  Unfortunately  I  got  here  too  late  to  hear  all 
of  Mr.  Perrot's  paper.  I  have  just  come  from  Baltimore,  where  I  saw  the  build- 
ing which  Mr.  Perrot  described.  I  imderstood  just  before  I  left  Baltimore  that  the 
upper  floors  of  that  building  had  softened  to  such  an  extent  that  they  probably 
would  have  to  come  down.  I  would  like  to  ask  Mr.  Perrot  what,  in  his  opinion, 
would  be  the  cause  of  that?  There  was  probably  no  water  thrown.  Would  it 
be  from  the  heat  disintegrating  the  concrete? 

Mr.  Perrot. — I  think  it  would.  Moreover,  I  might  mention  this:  we  all 
know  that  limestone,  when  it  is  calcined  and  water  is  placed  upon  it,  will  expand, 
as  we  see  every  day  in  making  ordinary  mortar.  If  we  use  limestone  in  concrete 
it  is  simply  worthless  as  a  firperoof  material.  There  happened  to  be  a  small  piece 
of  limestone  in  the  slab  on  the  test  house  at  Nicetown,  and  during  the  test  that 
piece  swelled  and  broke  out  of  the  slab.  It  did  not  do  any  harm  to  the  floor.  The 
behavior  was  just  the  same  as  that  of  a  piece  of  limestone  in  a  brick.  When 
the  brick  is  laid  up  in  the  wall  and  absorbs  water  from  the  mortar,  the  calcined 
limestone  will  expand  and  crack  the  brick  If  you  use  limestone  for  reinforced 
concrete  it  is  not  fireproof.  It  would  disintegrate  imder  heat  and  water.  If 
there  was  anything  in  the  sand  or  stone  in  thb  building  of  that  nature,  it  would 
tend  to  cause  disintegration. 

J.  O.  Ellinqer. — I  have  attended  a  great  many  meetings  at  which  the  sub- 
ject of  reinforced  concrete  was  imder  discussion,  and  I  think  the  impression 
usually  left  on  the  minds  of  the  hearers  was  very  much  like  that  of  the  judge 
who  said,  when  he  addressed  the  jury,  "Gentlemen:  If  you  feel  like  me  you 
won't  believe  what  either  side  has  said.''  So  much  in  the  way  of  successful 
reinforced  concrete  work  has  now  been  done  that  to  attempt  to  consider  this 
subject  as  in  any  way  at  all  mysterious,  is  vitally  wrong.  The  whole  theory  of 
reinforced  concrete  is  just  as  susceptible  of  careful  analysb  and  of  correct  de- 
duction as  is  the  theory  of  steel  or  any  other  construction  with  which  we  are 
familiar. 

The  attempt  on  the  part  of  the  companies  who  do  concrete  work,  to  make 
the  outside  world  believe  that  they  alone  possess  the  secrets  of  this  art,  is  wrong. 
The  calculations,  after  all,  reduce  themselves  to  very  simple  formulas,  with  which 
the  engineer  in  his  ordinary  everyday  work  is  familiar.  It  seems  to  me  the 
following  is  a  good  example  illustrating  this. 

Some  time  ago,  last  summer,  Mr.  Mills,  whom  I  believe  is  somewhere  in  this 
room  now,  sent  for  me  and  told  me  that  he  woriced  out  his  sections  for  the  Phila- 
delphia Subway,  using  two  formulae,  which  if  I  am  not  mistaken  were  those  of 
Johnson  and  Thatcher.     In  addition  to  this,  he  also  employed  an  approximate 
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oae.  After  Mr.  Mills  gave  me  the  conditions  of  load  and  span,  he  requested 
me  to  work  out  the  amoimt  of  steel  and  concrete  which  would  be  required,  and 
entirely  independent  of  Mr.  Mills,  I  did  work  out  the  sections,  using  the  method 
of  Hitter  of  Zurich,  and  I  think  that  the  determinations,  based  upon  these  various 
formulse,  came  out  within  one  or  two  per  cent.  Such  being  the  case,  I  do  not 
see  that  there  is  anything  mysterious  about  the  subject,  and  I  see  no  reason 
why  any  intelligent  engineer  cannot  work  out  the  required  sections.  On  the 
other  hand,  I  do  feel  that  the  best  care  is  necessary  in  the  execution  of  the  work, 
which  should  be  entrusted  only  to  workmen  who  are  familiar  therewith,  through 
experience. 

Mr.  Perrot  in  hb  subject  has  spoken  of  the  failures  which  have  taken  place 
within  the  last  year  in  reinforced  concrete  constructions.  Being  engaged  in 
thb  business,  I  have  been  and  am,  of  course,  vitally  interested  in  the  matter  and 
have  tried  to  analyze  these  failures.  In  carefully  studying  the  subject,  I  have 
found  that  the  general  cause  of  trouble  was  due  to  taking  down  the  forms  before 
the  concrete  was  set. 

The  failure  that  took  place  at  Binghampton  in  a  concrete  construction  was 
due  to  the  lack  of  inspection  on  the  part  of  the  architects,  who  permitted  rein- 
forced concrete  walls  to  be  built,  without  any  reinforcement. 

So  far  as  the  Trenton  failure  was  concerned,  if  my  imderstanding  be  correct, 
this  was  due  to  faulty  design,  faulty  material,  and  faulty  execution.  The  lesson 
to  be  learned  from  these  failures  is  very  simple,  and,  as  I  see  from  my  own  work, 
expert  help  must  be  had  to  carry  on  reinforced  concrete  constructions.  The 
engineer  may  design  excellently,  but  if  he  has  not  got  good  aids  in  the  shape  of 
good  material  and  expert  workmen  to  execute  his  work,  I  fear  he  will  have  poor 
results.  If,  on  the  other  hand,  hb  designs  be  good  and  the  execution  entrusted 
to  good  men,  the  results  obtained  in  reinforced  concrete  construction  will  be 
as  good  as  those  obtained  by  any  other  method.  So  far  as  the  empiricism  of 
reinforced  concrete  construction  is  concerned,  as  I  said  at  the  beginning,  I  do 
not  think  it  is  more  general  than  the  empiricism  of  steel  construction,  and  the 
results  which  are  obtained  justify  this  conclusion. 

Answering  the  question  as  to  how  much  of  the  floor  slab  it  b  usual  to  take 
in  compression  as  forming  the  top  part  of  the  beam,  I  want  to  say,  that  the 
New  York  Building  Department  permits  the  designer  to  take,  for  thb  purpose, 
a  slab  five  times  the  width  on  either  side  of  the  beam. 

Mr.  Quimbt. — In  regard  to  the  slab  width  used  as  part  of  the  beam — it  de- 
pends in  a  measure  upon  the  shearing  value  of  the  concrete,  and  any  formula 
for  determining  the  available  width  niu^t  bi^  ba^^ed  upon  au  a^^ur^iol  ^hc^iriDg 
value,  and  include  the  area  for  honz^antal  shear  which  b  thi^  mcrement  whoHe 
accumulation  produces  the  flange  stress,  and  must^|f[i  ^ '  -pight  of.  Mr. 
EUlinger  stated  in  effect  that  calculations  of  de 
are  as  scientific  as  those  used  in  steel  con 
that  statement,  because  of  the  um  certain  stl^ 
the  claim  b  a  little  enthusiastic.  Th«!  moet  j 
those  issued  by  the  manufacturers  ihemaelve 
pounds,  where  the  mean  ultimate  ia  say  sixtf 
eight  per  cent.  Concrete  cubes  put  up  for 
the  work,  but  the  cubes  put  up  for  thif  purpo^  oft* 
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to  4000  pounds  per  square  inch  in  crushing  strength.  Surely  what  is  put  together 
in  the  field  by  workmen,  often  with  no  special  interest  in  their  work,  is  likely 
to  have  in  places  even  less  value. 

Mb.  Ellinqer. — Mr.  President :  that  characterizes  what  I  said,  may  be,  but 
I  have  never  heard  such  an  extravagant  statement  in  my  life  as  the  statement 
made  by  the  gentleman.  In  concrete  for  testing  pusposes,  imless  the  cement 
was  so  bad  that  a  tyro  would  have  rejected  it,  no  one  would  ever  estimate  the 
value  of  compression  as  low  as  five  himdred  pounds.  Whether  the  gentleman 
has  seen  some  extraordinary  work  which  I  have  not  seen,  I  do  not  know.  Really 
upon  the  best  authority,  I  know  that  in  the  best  accepted  tests  concrete  cer- 
tainly varies  between  2500  and  4000  pounds.  In  addition — well,  I  ought  not 
to  say  any  more.     It  is  too  late. 

Mr.  Quimbt. — In  the  city  testing  laboratory  with  three  months'  old  cubes 
of  1,  3,  and  6,  we  have  had  results  below  five  himdred  pounds,  and  at  least  one 
tested  up  to  about  4000  pounds,  and  it  happens  that  these  extremes  occurred 
where  the  same  brand  of  cement  was  used.  I  think  there  are  some  gentlemen 
here  who  will  confirm  my  statement. 

Mr.  EIllinoer. — I  would  like  to  ask  Mr.  Quimby  what  cement  tested  500 
pounds  and  the  age  of  it. 

Mr.  Quimbt. — The  cubes  were  from  thirty  to  ninety  da)r8  old,  and  it  happens 
that  the  same  brand  of  cement  was  used  in  the  4000  pound  cube  as  in  those  that 
broke  below  500  pounds — the  same  brand  and  I  think  the  same  mixture. 

Mr.  Ellinqer. — Mr.  President,  I  would  like  to  ask  Mr.  Quimby  whether 
he,  as  a  scientific  man,  before  he  made  the  test,  determined  the  value  of  the 
cement  before  the  cubes  were  made.  That  is  very  important.  BIr.  Quimby 
knows  that  in  cements  of  the  same  kind,  made  by  the  best  makers  of  cement, 
certain  carloads  would  come  up  to  the  highest  standard  and  others  be  rejected. 
I  would  like  to  know  whether  the  500  cube  was  the  highest  grade  or  a  low  grade. 
Did  BIr.  Quimby  test  the  cement? 

W.  PuRVES  Taylor. — I  think  I  had  better  answer  myself,  as  I  made  the 
test.  Mr.  Quimby's  statement  is  generally  true.  We  have  had  one  sample  of  a 
reputable  brand  that  tested  462  pounds.  We  have  also  had  a  cube — I  am  not 
sure  whether  it  was  of  the  same  brand — that  tested  5112  pounds.  A  great  part 
of  this  difference  is  due  not  only  to  the  cement,  sand  or  stone,  but  a  great  part 
is  due  also  to  the  way  the  concrete  is  put  in  the  cube  by  the  inspectors  on  the 
work.    There  is  undoubtedly  the  same  difference  in  the  work  as  constructed. 

Mr.  Ellinqer. — Did  you  test  the  kind  of  cement — not  the  brands — and 
what  was  the  character? 

Mr.  Taylor. — All  the  cement  of  which  the  cubes  were  made  passed  the  re- 
quirements of  the  Bureau  of  8urve3r8,  which  are  pretty  severe.  The  cubes 
were  made  by  the  inspectors  on  the  work. 

Mr.  Ellinqer. — Were  the  cubes  made  from  cement  taken  from  the  shops 
on  the  work? 

Mr.  Taylor. — The  cement  concrete  entering  those  cubes  was  the  concrete 
that  was  put  in  the  work    They  were  not  specially  made  from  the  cement  itself. 

3Ir.  I^inqbr. — But  that  particular  cement  out  of  which  the  cubes  were 
made  was  not  tested  by  you — not  the  brand,  but  that  partictilar  batch  of  which 
the  cubes  were  made  was  not  tested  by  you? 
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Mr.  Tatxor. — No. 

Mr.  Elunger. — That  is  the  pomt. 

Mr.  Perrot. — I  have  said  a  great  deal  and  the  hour  is  growing  late.  The 
question  of  the  reliability  of  concrete  was  one  of  the  topics  in  the  first  part  of 
my  paper,  and  I  do  not  think  that  in  practice  the  uniformity  of  the  mixture  is 
as  high  as  we  should  like  it.  That  is  the  reason  I  think  the  values  we  use  for 
reinforced  concrete  should  be  somewhat  lower  than  what  the  carefully  made 
tests  give  us.  The  formula  used  in  figuring  the  strength  of  floors  is  based  on  a 
certain  age  of  the  concrete.  We  covmt  on  the  concrete  to  develop  the  strength 
we  want  it  to,  according  to  formula,  in  six  months.  In  other  words  we  won't 
say  that  before  the  six  months  it  is  as  strong  as  we  claim,  but  in  six  months* 
time  it  will  develop  that  strength.  It  may  develop  that  strength  before — in 
two  or  three  months — but  we  are  siure  it  is  going  to  be  the  required  strength 
in  six.  As  Mr.  Ellinger  said,  the  variation  of  any  particular  brand  is  sufficient 
to  make  a  wide  variation  in  the  ultimate  strength.  In  the  cement  for  a  particular 
building  we  designed  there  were  two  carloads  from  the  same  manufacturer 
rejected.  The  cement  that  came  from  the  works  was  uniform  one  week  but 
not  the  next.  Mr.  Taylor  knows  that  they  have  often  rejected  carloads  of 
cement  from  the  same  brand.  There  should  be  a  safeguard  as  to  what  cement 
should  go  in  the  work.  As  to  the  stone  and  sand,  there  is  not  so  much  danger, 
because  that  does  not  figure  very  largely  in  the  binding  quality.  The  cement 
is  the  vital  point.  If  you  get  cement  uniform,  you  generally  have  a  concrete 
which  will  stand  the  loads  which  you  want  it  to  stand  in  practice.  I  know  w© 
have  made  mixtures  for  foimdation  work  which  have  been  very  high  in  atone 
— ^as  much  as  eight  of  stone,  that  is,  1, 4,  and  8,  also  1,  5,  and  0,  which  have  been 
perfectly  satisfactory.  We  have  made  foundations  1,  2,  and  4  which  have  been 
very  rich.  On  an  average,  if  you  use  1,3,  and  5,  I  do  not  think  you  need  have 
any  fear,  provided  the  cement  will  pass  the  test.  There  is  a  quantity  of  free 
lime  in  cement  frequently,  and  if  allowed  to  remain  the  cement  will  not  meet 
the  required  test. 
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NOTES  ON  BURNING  BITUMINOUS  COAL. 


JOHN   M.    HARTMAN. 
Read  Februaiy  5,  190U. 

The  following  explanations  are  first  given:  tarry  vapor,  hydro- 
carbon, and  smoke  are  in  this  paper  spoken  of  as  black  gas — a  rich 
gas  of  far  higher  heating  power  than  the  carbon.  Bituminous  coal 
will  be  spoken  of  as  bituminous.  The  color-scale  here  referred  to  is 
a  scale  formed  of  one  thickness  of  gray  glass  capable  of  cutting  oflf 
60  per  cent,  of  a  sixteen  candle-power  light,  which  represents  No.  1 
scale.  Two  thicknesses  of  said  glass  is  No.  2  scale,  and  four  thick- 
nesses is  No.  3  scale.  In  1868,  when  the  "bell  and  hopper"  was  first 
introduced  at  the  top  of  the  pig-iron  furnaces  to  force  the  gas  down 
to  the  boiler  and  stoves,  difficulty  was  experienced  in  igniting  the  gas 
after  a  short  stop  of,  say,  ten  to  twenty  minutes.  This  was  obviated 
by  placing  a  heavy  fire-brick  wall  across  the  boiler  chamber  for  the 
gas  to  impinge  on,  and  absorb  and  retain  the  heat,  which  fired  the  gas 
and  prevented  explosions  that  had  previously  occurred.  This  heavy 
wall  was  also  found  to  assist  the  gas  in  burning,  and  in  making  perfect 
combustion  by  breaking  up  the  current  of  gas  and  mixing  it  thor- 
oughly with  the  air.  Bituminous  consists  of,  say,  carbon  82  per  cent., 
hydrogen  5  per  cent.,  nitrogen  1  per  cent.,  oxygen  6  per  cent.,  sulphur 
1  per  cent.,  and  ash  5  per  cent.  Powder  some  of  this  bituminous  and 
sprinkle  it  thinly  on  a  red-hot  plate,  say,  at  800  degrees;  it  gives  oflf 
a  thick  black  gas  or  tarry  vapor  with  a  strong  bituminous  odor.  It 
is  the  hydrocarbon  passing  oflf  at  a  low  temperature.  The  quick 
liberation  of  this  black  gas  causes  the  difficulty  in  burning  bituminous, 
as  it  gets  away  from  us  before  we  heat  it,  ignite  it,  and  make  it  do  its 
work.  To  heat  and  ignite  the  black  gas  quickly  is  our  duty.  This 
can  be  done  with  heat  stored  up  and  replenished  for  that  purpose. 
Sprinkle  some  of  this  powdered  bituminous  thinly  on  a  glowing  yellow 
plate,  say,  at  a  temperature  of  2000  degrees ;  it  ignites  with  a  bright 
yellow  flame  which,  seizing  the  free  air  around  the  plate,  bums  to  a 
transparent  gas — carbonic  acid  and  water,  without  odor.  The  red 
plate  develops  a  temperature  of,  say,  600  degrees ;  the  yellow  plate, 
say,  3000  degrees.    The  red  plate  means  imperfect  combustion,  black 
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gas,  and  loss;  the  yellow  plate  means  perfect  combustion,  a  clear 
atmosphere,  and  thrift. 

Take  another  plate  heated  to,  say,  400  degrees,  the  temperature  of 
the  boiler  water,  and  hold  it  over  the  red  plate  while  the  black  gas  is 
passing  off,  letting  it  touch  the  plate.  The  plate  becomes  coated 
with  soot,  which  leaves  a  strong  bituminous  odor.  This  soot  is  one 
of  the  best  non-conductors  of  heat,  and  destroys  the  eflSciency  of  the 
boiler  by  clogging  the  tubes.  Taking  the  yellow  plate  again  and 
sprinkling  a  thick  layer  of  bituminous  over  it,  the  flame  arising  bums 
on  the  exterior  only,  as  the  air  cannot  get  at  the  interior  of  the  flame 
until  it  has  reached  far  above  the  plate,  and  by  that  time  the  gas  has 
expanded,  which  lowers  the  temperature  and  it  will  not  ignite.  Hold 
the  400  degree  plate  over  the  flame;  soot  will  collect  on  it.  Taking 
the  yellow  plate  again,  sprinkle  some  of  the  powdered  bituminous 
over  it — a  yellow  flame  outside  and  black  gas  inside  appear;  then  hold 
another  yellow  plate  above  it,  where  the  flame  is  black  outside.  The 
black  gas  fires  and  combustion  takes  place.  The  gas  and  air  being 
heated  causes  a  quick  combination  of  the  two.  We  have  with  the 
upper  yellow  plate  added  to  the  black  gas  the  heat  of  ignition  and 
fired  it;  it  then  bums  to  its  full  equivalent  of  heat.  In  place  of  the 
upper  yellow  plate,  let  us  substitute  a  yellow  fire-brick  to  absorb 
heat.  This  will  give  heat  to  the  gas  and  air  and  fire  them;  the  gas 
burning  at  a  high  heat  gives  back  to  the  fire-brick  the  heat  which 
it  gave  to  the  gas.  The  brick  also  receives  heat,  after  gas  is  all 
driven  off,  by  the  radiation  from  the  coke  fire  below,  which  is 
glowing  white,  and  exposes  the  brick  to  its  direct  rajrs.  As  soon 
as  the  bituminous  is  put  on  again,  black  gas  is  evolved  and  heat  is 
absorbed  by  it;  but  the  black  gas  is  bumed  clear.  This  interchange 
of  heat  continues  as  long  as  the  fire  is  kept  up.  In  burning  the  black 
gas  this  radiant  heat  from  above  is  the  most  effective.  As  the  black 
gas  rises,  it  expands,  lowering  its  temperature,  and  it  is  then  supplied 
with  heat  from  above,  which  ignites  it  and  thus  does  not  rob  the  fire 
below.  Burning  the  gas  in  contact  with  the  brick  above  it,  heats  the 
brick,  causing  more  heat  storage.  The  fire-brick  acts  as  a  fly-wheel 
to  store  up  heat  and  give  it  out  again.  By  this  means  the  gas  is  kept 
burning  continuously. 

After  the  black  gas  is  volatilized,  the  heat  taken  up  in  volatilization 
is  carried  up  the  chimney  and  lost,  if  the  additional  heat  is  not  present 
to  ignite  it.  This  deficiency  of  heat  robs  the  fire  when  it  is  weak  and 
results  in  the  evolution  of  more  black  gas  and  an  increase  in  waste. 
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In  the  burning  of  bituminous  there  are  three  absorptions  of  heat 
before  perfect  combustion  takes  place. 

First:  the  heat  to  liberate  the  black  gas. 

Second:  the  heat  to  supply  the  gas  as  it  expands. 

Third:  the  heat  to  ignite  the  gas. 

This  shows  that  a  glowing  hot  fire  and  ample  heat  storage  by  fire- 
brick are  required  at  all  times  for  perfect  combustion. 

To  bum  bituminous  in  a  boiler  these  principles  apply  as  well  as  on 
the  plates  described.  The  first  thing  to  be  done  with  a  fire  is  to  nurse 
it  carefully  until  it  attains  a  white  heat.  After  this,  a  high  tempera- 
ture is  to  be  maintained  by  small  additions  of  bituminous,  for  it  is 
only  at  this  high  temperature  that  the  full  equivalent  of  heat  in  the 
bituminous  can  be  obtained  from  it.  Whatever  color  there  is  in  the 
smoke  at  the  chimney-top  represents  a  loss  due  to  the  black  gas  not 
being  burned  in  the  furnace  or  fire-box.  If  the  red  plate  develops 
one  heat  unit,  the  yellow  would  develop,  say,  4^  heat  imits  with  the 
same  fuel. 

The  air  required  to  bum  one  pound  of  bituminous  is  about  150  cubic 
feet  for  combustion  to  carbonic  acid,  but  in  practice  from  225  to  300 
feet  are  used.  This  excess  of  air  dilutes  the  heat  of  the  fire-box  and 
results  in  a  loss.  Much  of  this  diluting  effect  can  be  avoided  by 
heating  the  air,  which  will  cause  quicker  combustion  with  both  the  coal 
and  the  black  gas.  Unless  heated,  this  extra  air  does  not  get  the 
proper  time  to  combine  with  the  black  gas  before  it  gets  into  the  tubes, 
when  further  combustion  is  stopped  by  the  tubes  lowering  the  tem- 
perature below  the  point  of  ignition.  Old  firemen  prefer  to  carry  a 
thin  fire  and  have  all  the  air  come  up  through  the  buming  fuel.  The 
only  objection  is  that  the  engineer  may  open  full  stroke  and  tear  his 
fire  to  pieces,  if  on  a  locomotive;  hence  the  fireman  has  to  carry  a 
thicker  fire  than  would  otherwise  be  required,  which  makes  more 
smoke.  A  check-valve  at  the  bottom  of  the  smokestack  will  correct 
this  trouble.  With  a  thin  fire,  more  free  air  passes  through  the  fire- 
bed,  and  being  heated  in  its  passage,  it  is  in  a  better  condition  to  unite 
with  the  black  gas  and  bum  it  quickly.  The  regulation  of  the  air  L« 
a  serious  question.  When  fresh  fuel  is  added,  black  gas  is  evolved 
in  large  quantities,  and  an  increase  in  the  supply  of  air  is  required  to 
bum  it;  but,  the  air  being  cold,  combustion  is  checked  to  a  certain 
extent;  in  addition,  there  are  the  three  heat  absorptions  to  further 
cool  the  fire.  As  the  black  gas  is  gradually  driven  off,  less  air  is 
required.    The  air  can  be  controlled  by  the  fire-door  being  left  partly 
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open  and  then  gradually  closed  as  the  black  gas  decreases.  When 
the  fire  is  kept  intensely  hot,  as  it  should  be,  the  black  gas  will  be 
burned  before  reaching  the  tubes.  It  is  a  question  of  the  ratio  of 
the  calories  in  the  fuel  plus  the  heat  in  the  furnace  or  fire-box,  and 
the  time  required  for  the  mingling  and  combustion  of  the  air  and  black 
gas  before  they  reach  the  tubes  or  water  surfaces  of  the  boiler,  as  to 
whether  we  will  have  perfect  combustion  or  not.  An  intensely  hot 
fire  to  give  a  short  quick  combustion  is  the  requirement  in  burning 
bituminous.  The  oftener  the  bituminous  is  added,  the  smaller  and 
more  imiform  will  be  the  volume  of  black  gas  evolved  per  second  and 
the  more  attention  is  required,  but  the  fire  will  be  more  steady.  Per- 
fect combustion  and  heat  absorption  by  the  water  surfaces  cannot  go 
on  at  same  time  and  place;  some  black  gas  will  escape  imbumed. 

In  starting  a  fire  in  a  stationary  boiler,  wood  is  placed  uniformly 
over  the  grate  and  fired  all  over,  cheap  or  spent  oil  being  used.  The 
fire-doors  are  left  open  to  give  plenty  of  air  and  keep  down  the  smoke. 
When  the  wood  has  burned  off  all  its  smoke,  place  on  the  wood  the 
old  coke  left  from  the  last  fire  and  let  it  bum  up ;  then  add  bituminous 
limip  slowly,  giving  it  plenty  of  air  until  it  is  well  ignited,  after  which 
the  air  can  be  regulated  to  suit  the  fire.  The  fuel  must  now  be  burned 
at  an  intense  heat;  and  by  successive  additions  of  a  single  shovelful, 
of  about  18  poimds,  must  be  kept  at  this  heat.  This  will  give  an 
escaping  gas  at  the  chimney-top  of  No.  2  scale  or  imder.  In  opera- 
tion, the  fire  is  kept  of  imiform  thickness,  except  at  the  comers  and 
sides,  where  it  is  kept  a  little  thicker  to  prevent  the  air  from  passing 
up  too  freely.  It  will  require  attention  every  three  to  five  minutes 
to  obtain  good  results  and  as  nearly  perfect  combustion  as  can  be 
gotten  with  a  plain  grate,  for  the  black  gas  evolved  toward  the  bridge- 
wall  or  tube-sheet  will,  by  the  cooler  water  surfaces,  be  chilled  below 
the  point  of  ignition. 

James  Watt  in  his  day,  finding  the  smoke  nuisance  so  great,  pushed 
his  grate  bars  back  from  the  front  about  18  inches  and  put  a  dead 
plate  in  this  space.  On  this  dead  plate  he  placed  a  bank  of  bituminous 
that  was  heated  by  radiation  from  the  fumace;  part  of  the  black  gas 
being  driven  off,  and  escaping  over  the  fire,  was  ignited  and  burned 
before  it  touched  the  water  surfaces.  When  it  was  time  to  re-coal 
the  fire,  this  bank  was  pushed  over  the  fire  evenly  and  replaced  w^*^ 
a  fresh  bank.  With  the  slow  mnning  of  those  days  there  was 
to  drive  off  the  greater  part  of  the  black  gas  from  the  bank,  b 
the  rapid  mnning  of  these  days  better  means  must  be  had  to  $ 
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greater  part  of  the  black  gas  oflf  in  time  for  re-coaling.  Where  they 
used  60  pounds  of  bituminous  per  square  foot  of  grate  per  hour,  we 
use  to-day  135  poimds  successfully,  and  have  little  black  gas  from 
the  chimney;  but  when  we  slaughter  coal  and  use  180  poimds  per 
square  foot,  we  have  immense  volumes  of  black  gas  at  the  chimney  and 
get  no  greater  useful  results  than  if  we  burned  135  poimds  scientifically. 
The  superintendents  of  the  railroads  have  increased  the  engine  end 
without  caring  for  the  grate  end,  and  have  piled  work  on  the  loco- 
motive proportioned  to  the  engine  end. 


A  PPOPOSED  GRATE  FOR  BURNING 

BITUMINOUS  COAL 
Fig.  1. 


A  is  an  internally  fired  tubular  boiler. 

B  is  the  main  grate  with  shaking-grate  arrangement. 

C  is  the  low-down  grate  with  shalang-grate  arrangement. 

D  is  the  brick  lining  of  the  fire-box. 

E  is  the  bed  of  coke  burning  on  the  main  grate. 

F  is  the  bank  of  bituminous. 

G  is  the  bed  of  coke  burning  on  the  low-down  grate. 

H  is  the  space  for  the  escape  of  gas  from  the  low-down  grate. 

I  is  the  fire-mouth  the  whole  width  of  fire-box. 
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When  the  bank  of  bituminous  was  pushed  over  on  the  fire,  part  of 
the  black  gas  escaped  at  the  chimney-top  for  one  or  two  minutes,  as 
the  black  gas  in  the  interior  of  the  bank  had  not  been  evolved.  This 
arrangement  was  a  help  to  prevent  smoke,  and  is  used  to  this  day. 
Coking  on  the  dead  plate  extends  the  time  for  re-coaling  to,  say,  five 
shovels,  and  gives  the  fireman  some  leisure.  These  two  methods  of 
hand-firing  are  widely  known  and  are  not  patented. 

Another  method  by  which  a  fire  may  be  re-coaled  so  as  to  effect 
satisfactory  ignition  of  the  black  gas  is  seen  in  the  operation  of  the 
Hawley  down-draft  patent,  consisting  of  a  coarse  incUned  water  grate 
placed  over  another  grate  inclined  with  bars  closer  together.  Fire 
being  started  on  the  upper  and  lower  grates,  the  bituminous  is  burned 
to  coke,  which  is  barred  on  the  upper  grate,  and  the  smaller  pieces 
passing  the  upper  grate  fall  on  the  lower,  highly  heated,  where  they 
form  a  good  body  of  coke.  Bituminous  being  added  to  the  top  grate, 
the  black  gas  is  drawn  down  through  the  fire  and  fired  in  passing 
through  the  bed  of  burning  coke  on  the  lower  grate.  This  grate  works 
well,  gives  a  high  heat  evaporative  duty,  but  it  requires  work  to  bar 
the  coke  down  to  the  lower  grate  and  much  attention  on  the  part  of 
the  fireman.    The  chimney-top  shows  from  No.  2  scale  down  to  No.  0. 

In  hand-firing  and  machine  stoking  the  first  requirement  is  that  the 
black  gas  shall  be  burned  to  carbonic  acid  and  water,  giving  a  clear 
chimney-top. 

Second:  the  black  gas  must  receive  a  full  supply  of  air  to  bum  it. 

Third:  the  black  gas  must  be  burned  before  it  touches  the  water 
surfaces  or  the  tubes. 

Fourth:  the  black  gas  must  be  evolved  in  time  to  bum  before  reach- 
ing the  tubes. 

Fifth:  the  air  to  bum  the  gas  must  be  heated  to  obtain  a  high  tem- 
perature and  make  a  short  bum. 

To  make  it  easier  for  the  fireman  in  hand-firing  and  give  a  good 
combustion,  a  grate  of  the  type  shown  in  Fig.  1  is  proposed. 

The  fire  having  been  started  on  the  two  grates  and  bumed  to  coke, 
a  bank  of  bituminous  is  placed  at  F,  where  it  is  attack*^d  below  by 
the  heat  of  the  low-down  grate,  by  the  heat  passing  o\'ur  it  fronir'^"^ 
and  by  the  radiant  heat  from  D,  the  fire-brick  lining,  ami  the  ^ 
radiated  from  B.     Black  gas  is  quickly  evolved  and  isu|>plied 
heated  air  from  the  space  H,  where  the  fire  is  thin  to  allow  cxt 
or  more  than  is  required  for  the  combustion  of  the  cokc^  in  C,  h 
it  and  be  heated  in  passing.    This  extra  air  being  heated  oauani 
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combustion,  burning  all  the  black  gas  before  it  reaches  the  'W'ater 
surface  or  tubes,  where  it  would  be  cooled.  Free  air  also  passes 
through  the  coke  at  B  and  is  heated.  When  the  time  arrives  for  re- 
coaling,  a  small  portion  of  the  coked  bank  F  is  scraped  back  into  the 
space  H  to  keep  it  full  of  coke  and  to  give  free  passage  to  the  air. 
The  bank  F  is  then  broken  up  and  pushed  over  the  grate  B,  leveled, 
and  another  bank  F  made.  This  bank  F  holds  back  the  black  gas 
in  its  interior,  letting  it  escape  slowly  and  steadily,  thus  avoiding  the 
necessity  for  large  volumes  of  air  at  intervals,  as  would  be  the  case  if 
the  bitmninous  were  spread  in  a  thin  layer,  resulting  in  a  much  quicker 
evolution  of  gas.  The  fire-mouth  I  has  two  doors  covering  its  width. 
Re-coaling  is  done  alternately  at  the  two  doors,  thus  getting  the 
benefit  of  cross-firing.  Driving  the  black  gas  off  near  the  firing- 
doors  gives  ample  time  to  mix  the  air  with  it  before  it  reaches  the 
water  surfaces  or  tubes. 

The  fire-brick  lining  acts  as  an  accumulator  when  the  fire  is  at  its 
height,  by  heat  absorption  before  re-coaling.  On  re-coaling,  the 
temperature  of  the  fire  is  lowered,  but  the  fire-brick  gives  out  its  heat 
and  ignites  the  gas,  keeping  up  thorough  combustion.  As  the  fire 
becomes  hotter,  the  heat  is  again  taken  up  by  the  fire-brick  and  stored 
for  the  next  re-coaling;  thus  a  continual  interchange  goes  on  with 
thorough  combustion,  which  prevents  the  formation  of  soot  on  water 
surfaces  and  tubes,  thus  contributing  to  the  perfect  conduction  of  the 
heat  through  the  tubes  to  the  water.  Steam  is  made  cheaper  from 
the  tubes  than  from  the  fire-box.  One  square  foot  of  tube  is  equal 
to  four  square  feet  of  fire-box  surface,  considering  average  tempera- 
tures. 

Perfect  combustion  in  the  presence  of  water-cooled  surfaces  ab- 
stracting the  heat  from  the  burning  black  gas  and  in  contact  with 
them  is  not  to  be  had.  To  get  it,  all  combustion  must  be  made  in  the 
presence  of  fire-brick  or  other  non-conductor,  hence  the  necessity  of 
the  fire-brick  lining  to  the  fire-box  in  burning  bituminous.  Lining 
the  fire-box  may  require  a  slight  addition  to  the  tube  surface  for  the 
same  work;  it  would  not  be  much,  as  we  get  a  hotter  fire  and  cleaner 
surfaces.  The  presence  of  the  fire-brick  will  make  less  free  air  neces- 
sary for  perfect  combustion  than  is  now  used.  It  will  save  the  crown- 
sheet  from  cracking  and  help  in  case  of  low  water.  It  will  prevent 
cold  air  from  cooling  the  gas  and  stopping  combustion  when  the  door 
is  open  for  re-coaling.  To  line  the  fire-box  requires  no  special  appli- 
ances.   This  lining  is  firmer  than  the  arch  now  used  and  is  not  disin- 
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tegrated  by  the  coal,  and  while  it  is  not  so  close  to  the  fire,  yet  it  does 
the  work  well. 

To  ask  locomotive  firemen  to  fire  bituminous  by  hand  and  give  good 
combustion  without  using  fire-brick  to  ignite  and  bum  the  black  gas 
is  the  height  of  folly;  it  cannot  be  done.  No  better  proof  is  wanted 
than  an  examination  of  the  records  of  railroads  using  the  fire-brick 
arch  and  those  not  using  it.  The  fire-brick  arch  in  locomotives  takes  up 
and  gives  out  heat  when  wanted  to  help  combustion,  and  retards  the 
black  gas  evolved  next  to  the  tube-sheet,  giving  it  time  before  it  gets 
over  the  arch  to  mix  with  the  air.  The  arch  does  its  work  and  pays 
well,  but  is  somewhat  diflScult  to  suspend,  and  the  attrition  of  the 
fuel  disintegrates  it  in  time. 

What  has  been  done  to  help  the  fireman  who  has  an  imperfect  boiler 
tools  and  material — coal  frozen  in  large  lirnips,  etc.?  He  must  make 
steam  to  keep  up  his  speed.  He  gets  poor  pay;  fires  with  his  muscle, 
not  with  his  brains;  wastes  coal;  then  we  get  well  blackened  and 
blame  him  for  it.  Genuine  firemen  are  wanted,  not  coal-heavers  who 
crowd  the  fire-box  full  of  coal  and  then  skip  up  into  the  cab  and  play 
^^ith  the  bell  while  the  locomotive  is  trying  to  digest  her  imcomf ortable 
meal  and  is  showering  coal  and  smoke  over  the  public.  Genuine 
firemen  should  be  licensed  and  protected.  They  save  in  coal  more 
than  their  wages,  besides  saving  the  public  discomfort.  This  is  an 
age  of  specialists — the  fireman  has  become  one  of  them;  we  must 
recognize  it.  The  position  of  fireman,  properly  carried  out,  requires 
as  much  skill  and  more  labor  than  that  of  the  engineer.  Railroads 
are  beginning  to  see  it  in  that  light. 

The  day  is  coming  when  the  locomotive  boiler  will  be  a  mass  of 
tubes  and  the  fire-box  will  be  transferred  to  the  tender;  then  explo- 
sions from  the  fire-box  and  crownnsheets  will  be  ended  and  the  trailer 
will  be  out  of  a  position. 

The  following  reports  will  throw  some  light  on  this  subject: 

Philadelphia,  Pa.,  Jan.  12,  1903. 
H.  L.  Shock,  Esq.,  Chairman  of  Boiler  Inspection, 

Dear  Sir:    On  Thursday,  September  25th,  accompanied  by  Mr. 
Daley,  member  of  the  Conmiittee,  and  Mr.  Masterson,  Secretary  n^- 
the  Committee,  your  Sub-Chairman  went  to  New  York  to  take  a  V 
on  the  New  York  Central  Railroad,  and  see  the  results  obtained  by 
use  of  the  "Perfection  Burner"  on  the  locomotive  leaving  SAB  j 
for  Poughkeepsie  with  long  Wagner  or  Pullman  Parlor  Cam.     Thf 
tance  covered  was  74  miles  and  was  run  in  100  minuto.     Thr 
the  courtesy  of  Mr.  Waitt,  Chief  of  Motive  Power,  your  Sub^CliaU 


i 


166  Hartman — Notes  on  Burning  Bituminous  Coal, 

was  allowed  to  ride  on  the  locomotive,  and  even'  facility  was  given 
him  to  see  the  operation  of  the  burner,  which  is  not  patented. 

The  fire  had  been  started  as  usual,  with  hard  coal,  to  prevent  smoke 
at  the  round-house  while  getting  up  steam,  and  to  prevent  smoke  in 
the  long  tunnel  from  the  depot  outward.  The  distance  through  the 
tunnel — probably  2J  miles — is  run  at  a  moderate  speed  for  safety. 
This  hard-coal  fire  lasted  for  twenty-five  minutes,  by  which  time  we 
were  well  out  in  the  open  air.  A  fair  bed  of  coal  still  existed  on  the 
grate.  The  fireman  then  conmienced  building  up  the  bed  by  adding 
fresh  coal  in  small  quantities  often,  until  he  got  a  good  depth  of  coke. 
After  this,  by  constant  additions  of  soft  coal  about  every  three  min- 
utes, he  kept  and  maintained  this  bed  of  coke  at  a  white  heat  and 
with  little  smoke.  About  95  per  cent,  of  this  smoke  went  off  from 
the  smokestack  a  light  gray  No.  2  color-scale.  For  a  few  moments 
after  adding  three  small  shovels  of  coal  the  smoke  would  darken  to  a 
dark  gray  No.  3  color-scale. 

In  firing  he  piled  most  of  the  coal  just  inside  of  the  two  firing-doors, 
but  was  careful  to  throw  coal  in  any  space  in  the  bed  of  coke  which 
showed  signs  of  burning  through  and  admitting  air  into  the  fire-box. 
Steam  was  kept  uniform  the  whole  distance,  with  only  a  smaU  amount 
of  blowing  off  at  the  safety-valve  on  one  occasion,  for  a  few  seconds. 
Twice  on  the  trip,  after  the  coal  lying  inside  of  the  fire-doors  had  the 
gas  well  driven  off  from  it,  the  fireman  took  his  rake  and  raked  this 
coal  over  the  bed  of  the  fire;  fresh  coal  was  put  inside  of  the  door 
again.  Once  during  the  trip  he  shook  the  grate  Ughtly  to  reUeve  the 
fixe  of  the  ashes.  Throughout  the  trip  there  was  perfect  co-operation 
between  the  engineer  and  the  fireman.  Better  firing  would  be  difficult 
to  get  than  there  was  on  this  trip.  Nothing  was  done  to  help  the 
"  Perfection  Burner,"  which  was  not  changed  or  regulated  during  the 
trip.  Only  a  small  amoimt  of  steam  is  used  in  this  apparatus  to 
induce  an  air-current  through  the  tubes  over  the  fire-doors  to  bum 
the  gas.  The  small  valve  to  let  in  the  steam  was  open  one-eighth  of 
a  turn  of  the  hand-wheel. 

This  gas-consuming  apparatus  consists  of  a  fire-brick  areh  in  the 
firing-box,  and  another  arch  over  each  of  the  firing-doors.  Over 
those  arches  at  the  doors,  jets  of  air,  plus  a  Uttle  steam  to  induce  the 
jet,  are  placed.  There  is  no  machinery  attached  to  this  burner.  The 
fire-brick  arch  in  the  fire-box  has  been  used  for  years  and  gives  ex- 
cellent results.  The  arrangement  of  the  air-jets  and  arches  over  the 
doors  is  the  new  feature  in  this  form  of  burner.  No  smoke  was  visible 
from  the  car  windows  of  the  train;  while  the  trains  running  in  the 
opposite  direction  and  not  equipped  with  the  burner  were  rolling  out 
great  quantities  of  thick  black  smoke.  The  locomotives  on  the  West 
Shore  Railroad  on  the  opposite  side  of  the  Hudson  River  were  plainly 
visible,  and  gave  out  great  volumes  of  black  smoke.  The  New  York 
Central  Railroad  is  placing  these  burners  on  all  of  its  locomotives, 
and  on  a  careful  test  which  they  made,  they  found  a  saving  of  12  per 
cent,  in  fuel.  Yours  very  truly, 

John  M.  Hartman,  Chairman  Svb-Committee, 
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Philadelphia,  October  22,  1903. 
H.  R.  Shoch,  Chairman  Boiler  Inspection  Department, 

Dear  Sir:  On  Monday  the  19th  mst.  your  Sub-Committee,  Messrs. 
Hubbs,  Masterson,  and  Hartman,  went  to  Pittsburg  and  to  Cleveland, 
to  inquire  into  the  operation  of  mechanical  stokers  and  gather  data 
on  the  smoke  nuisance  abatement. 

On  the  morning  of  the  20th  we  visited  the  forge  of  the  Oil  Well 
Supply  O^mpany  to  examine  a  Jones  Underfed  Stoker  at  work  on  a 
forge  furnace  for  heating  6-inch  wrought-iron  billets.  We  found 
them  removing  the  clinker  from  the  fire  which  had  accumulated  in 
six  hours.  They  use  bitimiinous  slack,  the  run  of  the  mine,  which  con- 
tains more  clinker-making  material  than  the  regular  market  bitu- 
minous. After  the  clinker  was  removed  the  stoker  pushed  in  a  lot 
of  fine  bituminous  which  gave  a  dark  smoke  at  the  chimney-top  for 
three  minutes  and  then  fell  off  to  a  clear  top,  at  which  it  remained  for 
six  hours,  or  until  the  next  clinker  was  removed.  The  interior  of 
the  furnace  is  at  a  glowing  white  heat.  Since  using  this  stoker  they 
have  doubled  their  output  and  bettered  the  quality,  using  the  same 
men  and  the  same  amount  of  bituminous  as  with  the  old  on  the  old 
hand-firing  method.  The  stoker  has  been  working  fifteen  months, 
in  constant  use  day  and  night,  and  has  cost  nothing  for  repairs. 

At  Cleveland  we  were  met  by  John  Krause,  Supervising  Engineer, 
who  went  over  their  methods  carefully  and  turned  us  over  to  his 
assistant,  Mr.  Woodward,  who  went  aroimd  with  us  and  showed  us  all 
the  stokers  which  had  given  good  results.  At  the  city  hall  we  found 
the  boilers  equipped  with  Jones  Underfed  Stokers,  doing  excellent  work 
and  giving  a  clear  chimney-top.  At  the  next  place,  the  Davies  or 
American  Underfed  Stokers,  were  giving  a  smoke  at  the  chimney-top 
of  No.  3  color-scale.  The  boiler-setting  here  was  imperfect.  At  the 
same  place  they  had  another  large  boiler  equipment  with  Chain  Grate 
Stokers.  These  give  good  results  in  economy  and  a  clear  chimney- 
top  when  running  with  a  steady  load,  but  when  extra  steam  is  re- 
quired the  stoker  gives  a  dark  chimney-top.  The  next  place  had  the 
Brightman  Stoker.  This  had  broken  down  temporarily  and  was 
being  fixed.  We  waited  imtil  they  started  up,  but  the  chimney-top 
was  smoky.  At  this  same  place  they  had  the  Twin  Arch  Hand  Fired 
Furnace,  but  it  was  not  running.  The  water-tubes  of  the  arch  are 
too  close  to  the  fire  for  safety.  At  the  next  place  they  had  a  hori- 
zontal revolving  grate,  but  its  construction  will  necessitate  many 
repairs.  At  the  next  place  the  Murphy  Stoker  was  in  use  and  was 
working  well,  giving  good  evaporative  duty  and  a  clear  chimney-top. 

In  Cleveland  they  have  799  stokers  at  work,  of  which  there  are  27 
distinct  types.    The  majority  are  of  the  Murphy  grate  type,  followed 
by  the  Jones  Underfed,  which  is  a  later  design  and  more  si~^ 
construction.    After  a  careful  examination  it  was  foimd  th 
types  of  stokers  have  given  the  best  results : 

First:  the  Murphy  Stoker. 

Second:  the  Jones  Underfed  Stoker. 

Third:  the  Chain  Grate  Stoker. 
7 
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The  Murphy  stoker  is  adapted  to  externally  fired  boilers.  It  re- 
quires considerable  space,  and  does  not  respond  to  sudden  calls  for 
more  steam  without  a  smoky  chimney-top,  and  requires  an  average 
amount  of  repairs.  With  steady  work  it  gives  a  clear  chinmey-top. 
It  requires  the  fireman  to  break  up  the  crust  or  coke  on  the  bed  of 
fuel  from  time  to  time.  The  grate  is  inclined  on  both  sides  and  the 
coal  is  worked  down  on  the  fire  by  the  movement  of  the  grate.  It 
delivers  its  clinker,  which  is  broken  up  by  the  stoker. 

The  Jones  Underfed  Stoker  is  adapted  to  any  form  of  boiler — 
puddling,  heating  furnaces,  or  locomotive.  It  has  the  smallest  amount 
of  maclunery  and  occupies  the  least  space  and  requires  little  repairs. 
It  is  flexible  and  responds  to  sudden  calls  for  steam  with  a  clear  chim- 
ney-top. The  clinker  is  removed  by  hand  without  stopping  the  stoker. 
This  operation  is  the  only  manual  labor  required  and  is  not  diflSeult 
to  perform.  The  crust  of  coke  formed  on  all  bituminous  fires  is  in 
this  stoker  kept  broken  up  by  the  ram  pushing  the  bituminous  in 
under  the  fuel  and  raising  the  fire.  It  gives  high  economy,  a  clear 
chimney-top,  and  the  escaping  gas  contains  only  0.33  per  cent,  of 
burning  gas  or  combustible. 

The  Chain  Grate  is  adapted  to  externally  fired  boilers.  It  has  the 
most  machinery  and  requires  the  most  repairs.  In  regular,  steady 
work,  it  gives  good  economy  and  a  clear  chimney-top,  but  when  called 
on  for  extra  steam  it  gives  a  dark  chinmey-top.  Trials  of  this  stoker 
at  Pencoyd  Iron  Works,  Philadelphia,  showed  a  clear  chinmey-top 
with  a  steady  load,  but  the  economy  was  not  so  high  as  that  of  other 
stokers. 

There  is  a  marked  difference  in  the  atmosphere  in  Cleveland  in  the 
past  four  years.  It  is  only  half  as  dark  as  it  was,  notwithstanding 
the  fact  that  the  manufactories  have  doubled  in  niunber.  While 
there  are  yet  smoky  chimneys,  they  are  all  to  be  corrected  by  the  use 
of  stokers  which  are  contracted  for  but  not  yet  delivered,  by  reason 
of  the  great  demand  for  them. 

The  city  of  Cleveland  finding  it  necessary  to  abate  the  smoke 
nuisance  as  much  as  possible,  engaged  Professor  Benjamin  to  take 
up  this  subject  and  investigate  it.  He  soon  foimd,  as  did  others, 
that  the  so-called  smoke  was  combustible  gas  escaping  from  the  bitu- 
minous and  going  up  the  chinmey  unbumed,  causing  a  waste  of  heat 
and  power. 

To  bum  this  gas  and  use  the  heat  could  be  fairly  well  done  by  hand- 
firing  and  exercising  care,  adding  bituminous  every  five  minutes.  To 
bum  gas  economically  and  prevent  all  smoke  at  the  chimney-top  it 
was  found  that  stokers  were  the  best  and  cheapest.  To  fire  by  hand 
is  light  work,  but  it  requires  steady  application  of  the  fireman,  while 
with  the  stoker  the  hopper  is  filled  and  will  run  twenty  minutes  or 
more  without  replenislung.  With  the  stoker  the  fire  is  being  con- 
stantly fed  and  an  uniform  steady  fire  is  maintained  without  opening 
the  doors,  thus  permitting  large  volumes  of  cold  air  to  come  in  contact 
with  the  fire  at  a  time  when  the  air  should  be  excluded. 
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Professor  Benjamin  then  began  a  series  of  lectures  and  newspaper 
articles  on  this  subject  to  get  the  people  interested.  In  this  he 
appealed  to  the  manufacturers'  pocket-books  by  showing  them  that 
they  could  save  10  per  cent,  on  their  coal,  and  appealed  to  the  citizens 
for  a  clearer  atmosphere.  This  agitation  was  kept  up,  and  culminated 
in  the  erection  of  stokers  at  the  city  hall  as  an  object-lesson,  and  finally 
by  the  appointment  of  a  Bureau  of  Smoke  Abatement,  with  John 
Krause  as  Supervising  Engineer.  This  bureau  has  been  backed  up 
with  the  proper  ordinances  by  the  City  Coimcils.  Mr.  Krause  has 
taken  hold  of  his  work  firmly,  but  exercises  great  care  and  judgment 
with  his  power  in  carrying  on  his  work.  Conciliation  and  not  antag- 
onism is  his  motto.  His  success  is  shown  by  the  reduction  of  the 
smoke  and  the  respect  entertained  for  him  by  the  citizens.  His  three 
inspectors  are  on  the  alert  taking  observations  and  classifying  the 
smoke  by  a  color-scale. 

When  Mr.  Krause  finds  a  determined  offender,  he  invites  him  to  his 
office  and  has  a  pleasant  talk  with  him  and  explains  what  can  be 
done.  This  always  results  in  less  smoke  and  the  appliance  of  some 
means  to  further  decrease  it.  A  short  time  ago  the  locomotive  firemen 
on  the  North  Side  became  careless  and  showered  volumes  of  smoke 
over  the  city.  The  inspector  reported  them  and  requested  them  to 
caU  on  Mr.  Krause.  After  explfoning  to  them  how  to  bum  the  bitu- 
minous properly  and  avoid  smoke,  they  departed  promising  to  do 
better,  which  they  did,  as  they  felt  it  would  be  a  disgrace  to  be  called 
up  again  and  then  fined. 

The  New  York  Central  Railroad  at  Cleveland  is  using  on  its  loco- 
motives the  "Perfection  Burner"  and  making  little  smoke.  This 
burner  was  mentioned  in  our  report  to  you  of  October  last,  which 
stated  that  the  smoke  was  No.  2  color-scale.  The  Erie  Railroad  is 
trying  other  methods,  and  all  along  the  line  there  is  shown  an  effort 
to  reduce  the  smoke. 

Mr.  Krause's  assistants  gauge  the  color  of  the  smoke  by  their  eye 
and  apply  nimibers  to  the  density.  Their  reports  are  filed  and  can 
be  referred  to  at  any  time.  They  show  a  yearly  decrease  in  the  smoke 
nuisance.  The  total  expense  of  this  bureau  is  $8000  a  year.  The 
population  of  Cleveland  is  over  400,000. 

The  stoker  manufacturers  install  their  stokers  with  a  guarantee  of 
saving  10  per  cent,  in  fuel  consumption,  and  in  some  cases  have  shown 
26  per  cent,  saving.  For  hand-firing  the  Hawley  Down-Draft  and 
the  Twin  Arch  systems  are  used. 

Our  thanks  are  due  to  Messrs.  Krause  and  Woodward  for  their 
many  courtesies  and  hearty  co-operation. 

John  M.  Hartman, 
Chairman  of  Committee  on  Smoke  Abatement, 

Mechanical  Stoking. 
In  the  travels  of  the  Philadelphia  Smoke  Committee  they  fou 
three  stokers  that  were  perfectly  reliable. 
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The  Endless  Chain  Grate  is  the  oldest.  Eckley  B.  Coxe  made  later 
improvements,  and  brought  it  to  its  present  state.  The  grate  is  made 
up  of  a  series  of  short  cast-iron  bars  linked  together  and  engaging 
sprocket  wheels  at  the  front  and  rear  ends  of  the  grate,  by  the  move- 
ment of  which  the  upper  portion  of  the  grate  is  carried  constantly  for- 
ward. The  bituminous  is  fed  through  a  hopper  of  the  full  width  of  the 
grate,  and  the  depth  of  the  layer  is  regulated  by  a  door  which  can  be 
lifted  or  lowered.  The  coal  is  ignited  near  the  front  and  is  carried 
slowly  backward,  the  speed  of  the  grate  being  adjusted  so  that  the 
time  of  travel  is  sufficient  for  the  complete  combustion  of  the  fueL 
The  ash  and  refuse,  being  carried  over  at  the  back  end  of  the  furnace, 
fall  into  the  ash-pit.  The  coke  on  the  grate  has  to  be  broken  up, 
from  time  to  time,  as  it  cakes.  A  fire-brick  arch  at  the  front  end  of 
the  furnace  facilitates  the  coking  of  the  fresh  bituminous  as  it  enters, 
and  the  combustion  of  the  volatile  gas  evolved.  The  apparatus,  as 
a  whole,  is  mounted  on  wheels  and  a  track,  and  can  be  drawn  out  for 
inspection  and  repairs. 

This  stoker  worics  well,  but  requires  considerable  repairs.  It  gives 
a  clear  chimney-top,  but  this  is  partly  due  to  free  air  passing  through 
the  stoker.  Its  evaporation  duty  is  medium.  If  called  on  suddenly 
for  more  steam,  it  does  not  respond  quickly  without  producing  a 
smoky  chinaney-top.    It  is  applicable  to  an  externally  fired  boiler. 

In  the  Murphy  Stoker  the  grate  bars  are  arranged  on  opposite 
sides  of  the  furnace  and  incline  downward  toward  each  other  at  the 
center  the  fuel  being  introduced  at  the  top  and  fed  downward  toward 
the  middle,  in  which  there  is  a  mechanical  device  for  removing  the 
clinkers.  A  fire-brick  arch  spans  the  combustion  chamber.  A  coal 
magazine  is  located  on  each  side  of  the  furnace  and  is  provided  with 
dischai^e  openings  and  coal  pushers.  The  latter  have  a  reciprocating 
motion  imparted  to  each  by  a  rocking  shaft,  rack  and  pinion.  The 
inclined  grate  surface  is  composed  of  stationary  and  movable  grate 
bars,  alternately  placed.  The  upper  ends  of  the  stationary  grate  bars 
abut  against  a  compensating  plate,  which  permits  the  bars  to  expand 
readily  with  the  heat.  The  movable  grate  bars  are  connects  to 
vibrating  levers,  from  which  they  derive  their  motion.  In  connection 
with  this  motion  the  movement  of  the  rock  shaft  imparts  motion  to 
the  coal  pushers  in  such  a  manner  as  to  feed  the  coal  just  in  proportion 
to  the  requirements  of  the  furnace.  The  crushing  and  removal  of 
the  ashes  and  clinker  are  effected  by  a  clinker  bar  at  the  bottom  of 
the  grates.    The  clinker  bar  is  provided,  on  the  outside,  with  teeth 
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which  extend  spirally  around  the  bar,  and  the  approximate  inner 
edges  of  the  grate  bearers  are  provided  with  similar  teeth,  to  aid  in 
crushing  the  clinkers  when  the  clinker  bar  is  rocked.  The  furnace 
is  especially  adapted  to  the  use  of  bituminous  slack,  which  is  put  into 
the  magazines  at  the  upper  part  on  the  sides  of  the  combustion  cham- 
ber. Air  is  admitted  through  a  register  at  the  front,  passing  through 
flues  up  over  the  arch,  and  there  taking  up  heat  from  the  front  arch 
and  arch  plate,  then  passing  down  through  the  small  openings  in  the 
arch  plate  to  the  coking  fuel. 

On  the  side  of  the  battery  of  boilers  is  placed  an  engine  with  gearing 
for  operating  a  reciprocating  bar  across  the  outside  of  the  entire 
front,  and  to  which  all  the  working  parts  are  attached  by  links.  With 
steady  work  this  stoker  gives  a  perfectly  clear  chimney-top.  The 
crust  of  coke  has  to  be  broken  up  by  the  fireman  from  time  to  time. 
This  stoker  requires  more  space,  has  more  machinery,  and  is  more 
costly  than  the  other  stokers,  but  it  gives  a  clear  chimney-top,  delivers 
its  own  ashes  and  clinker,  which  accoimts  for  more  machinery.  It 
is  adapted  only  to  externally  fired  boilers.  This  stoker  can  be  seen 
at  Strawbridge  &  Clothier's  warehouse.  Eighth  and  Race  Streets. 
The  chimney-top  is  perfectly  clear  when  using  Westmoreland  bitu- 
minous, which  is  extra  smoky,  being  a  gas  coal. 

The  Jones  Underfed  Stoker  consists  of  a  steam  cylinder  or  ram,  with 
a  coal  hopper,  outside  of  the  furnace  proper;  a  retort  or  fuel  magazine 
inside  the  furnace,  on  the  sides  of  which  are  placed  tuyere  blocks  for 
the  admission  of  air.  The  retort  also  contains,  at  its  lowest  point,  an 
auxiliary  ram  or  pusher,  which  causes  the  coal  to  be  evenly  distrib- 
uted. This  pusher  is  in  a  position  where  the  fire  never  reaches.  The 
retort  is  first  filled  with  coal  on  a  level  or  a  little  above  the  tuyeres. 
The  fire  is  then  started  along  each  side  of  the  retort,  the  air-chambers 
reaching  to  the  tuyeres  being  open.  As  soon  as  the  fire  is  well  imder 
way,  the  air-chamber  opening  is  closed  and  the  blower  started;  the 
fire  will  then  bum  up  rapidly.  The  hopper  being  full  of  fuel,  bitu- 
minous slack  preferred,  and  the  ram  plunger  on  its  forward  stroke, 
when  more  coal  is  needed  the  plunger  is  shifted  back  by  moving  the 
lever;  coal  then  falls  in  front  of  the  plunger,  steam  is  admitted  to  the 
cylinder,  and  the  plunger  is  forced  forward,  pushing  the  coal  into  the 
retort.  Coal  is  pushed  into  the  retort  as  needed  to  replenish  that 
which  is  consiuned. 

Air  at  a  lower  pressure  is  forced  into  the  air-chamber  and  throuf 
the  tuyeres  over  the  top  of  the  fresh  coal  in  the  retort,  but  under  a 
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through  the  burning  fuel;  the  result  is  that  the  heat  from  the  burning 
fuel  over  the  retort  slowly  liberates  the  black  gas  from  the  fresh  fuel. 
This  black  gas  being  thoroughly  mixed  with  the  incoming  air,  before 
it  passes  through  the  burning  fuel,  results  in  a  bright  clear  fire  free 
from  black  gas.  The  retort  being  air-tight  from  below  and  the  fuel 
being  in  a  compact  mass,  the  air  moves  upward  and  combustion  takes 
place  only  above  the  tuyeres.  The  retort  is  thus  kept  cool  and  is  not 
subjected  to  the  action  of  the  fire.  The  incoming  fresh  fuel  from  the 
retort  forces  the  ash  and  clinker  over  the  top  of  the  tuyeres  on  to  the 
side  plates,  from  which  they  are  moved  easily. and  without  interfering 
with  the  fire  in  the  center  of  the  furnace.  Each  time  the  ram  pushes 
feed  into  the  retort  it  pushes  it  upward  at  the  same  time ;  this  action 
breaks  up  the  crust  of  coke  formed  on  top  of  the  retort  and  eases  up 
the  fire  in  place  of  doing  it  by  hand.  As  the  black  gas  is  liberated 
below  the  burning  surface,  it  is  heated  and  ignited  by  the  burning 
surface  of  the  fire.     No  cold  air  enters  the  furnace  during  stoking. 

This  stoker  is  applicable  to  externally  and  internally  fired  boilers,  in- 
cluding those  for  locomotives.  It  gives  a  clear  chimney-top,  but  uses 
an  excess  of  air,  unless  the  black  gas  is  burned  with  a  fire-brick  arch, 
in  which  case  it  gives  perfect  combustion  with  no  excess  of  air  and  a 
high  evaporation.  The  fan  suppl)dng  the  air  to  the  stoker  is  con- 
trolled by  a  valve,  which  when  steam  goes  down  admits  more  steam 
to  the  fan  and  stoker,  thus  starting  them  up  faster  and  keeping  up  the 
steam.  This  stoker  can  be  pushed  up  without  producing  smoke  at  the 
chimney-top,  and  it  is  the  only  stoker  that  can  be  applied  to  a  loco- 
motive. The  fan  used  for  stationary  stokers  would  be  replaced  with 
an  Argand  blower.  While  the  steam  used  in  the  blower  will  be 
mixed  with  the  air  going  through  the  fire,  which  is  not  economical, 
yet  there  are  advantages  gained  from  it.  With  the  Aigand  blower 
there  will  be  no  back  pressure  on  the  steam  cylinder,  crippling  the 
exhaust.  The  fire  being  under  pressure,  the  heat  will  be  packed  in 
the  tubes  and  ever}'  square  inch  utilized.  Boilers  with  heat  imder 
pressure  always  steam  better  than  with  suction  for  draft. 

One  of  these  underfed  stokers  was  put  in  the  end  of  a  heating  furnace 
at  Pittsburg,  replacing  the  old  fire-grate.  The  furnace  heated  6-inch 
wrought-iron  billets.  In  place  of  the  thick  black  smoke  formerly  escape 
ing,  the  chimney-top  is  as  clear  as  the  air.  The  heating  chamber  is  a 
beautiful  glowing  yellow  at  all  times.  With  the  same  fuel  and  men, 
they  are  turning  out  twice  the  amount  of  work  and  of  better  quality, 
as  the  heat  is  so  uniform  and  intense.    This  stoker  has  run  eighteen 
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months,  and  has  required  not  a  cent  for  repairs.  It  is  adapted  to 
puddling  and  other  furnaces,  which  shows  how  perfectly  it  can  bum 
bituminous  without  smoke  and  yet  get  the  full  equivalent  of  lieat 
from  it. 

DISCUSSION. 

John  M.  Hartman. — A  little  explanation  with  regard  to  the  coloivscale  is 
required.  The  committee  on  the  smoke  ordinance  have  been  trying  to  chop 
the  bill  to  pieces.  The  last  thing  which  they  did  was  to  cut  off  the  No.  1  scale 
entirely,  and  move  up  the  numbers  so  that  the  former  No.  1  was  stricken  off, 
and  the  former  No.  2  becomes  No.  1.  There  has  been  a  great  amount  of  trouble 
with  the  bill.  For  twenty-one  months  it  has  been  fought  over  and  everything 
has  been  done,  that  was  possible,  to  get  a  satisfactory  bill  through.  At  Cleve- 
land they  have  done  more  than  at  any  other  place.  They  took  hold  of  the  sub- 
ject in  the  right  spirit,  and  have  now  better  laws  regarding  the  smoke  nuisance 
than  any  other  city  or  town  in  this  country.  We  have,  if  our  recommendations 
are  adopted,  a  color-scale  that  is  fixed :  none  of  the  others  has.  They  simply 
judge  by  eye.  If  we  can  succeed  in  getting  the  bill  through  we  will  be  in  a  better 
position  to  prevent  any  juggling  with  the  inspector.  He  has  a  scale  by  which 
he  can  determine  what  is  the  proper  color.  Chicago  has  a  long  law,  by  which 
it  is  difficult  to  define  "  thick  black  smoke  or  dense  gray  smoke,"  but  it  is  a  fact 
that  a  black  gas  escaping  above  our  No.  3  scale  is  a  gas  that  you  can  bum.  This 
being  the  case,  it  b  evidently  wasteful  to  permit  it  to  escape.  Most  of  it  is  car- 
bonic oxide,  which  is  very  poisonous,  killing  all  vegetable  life,  as  can  be  seen 
in  going  along  the  Pennsylvania  Railroad,  where  it  has  killed  or  stunted  the 
trees  and  shrubbery  that  are  close  enough  to  the  track  to  be  affected  by  it. 

James  Christie. — I  am  sure  we  appreciate  Mr.  Hartman  in  his  study  and 
investigation  of  the  problem  of  preventing  smoke. 

Notwithstanding  the  frequent  statements  that  this  problem  is  a  compara- 
tively simple  one,  and  that  the  issue  of  black  smoke  can  be  prevented  by  a  little 
care,  yet  the  experience  of  all  communities  that  use  bituminous  coal  demon- 
strates, on  the  contrary,  that  the  problem  is  an  exceedingly  difficult  one,  espe- 
cially when  it  is  remembered  that  we  must  not  unduly  hamper  or  place  a  heavy 
burden  of  expense  upon  the  industries  to  be  dealt  with. 

It  has  been  evident,  for  several  years,  in  our  seaboaril  cities,  that  the  Utndoacy 
is  for  bituminous  coal  to  become  cheaper  and  anthracite  to  beuojne  dear<ir«    "'-^ 
know  that  the  anthracite  deposits  are  of  such  a  limited  ext«xjtj  as  co» 
with  the  bituminous,  and  that  the  development  of  tho  tti^aiis  of  traiui^ 
especially  from  the  West  Virginia  fields,  are  so  favorable  to  the  use  oM 
fuel,  that  it  is  probably  only  a  question  of  a  few  year?*  bt^fnrf^  bitUv 
will  be  the  predominant  fuel  in  our  city  for  manufacturing^  pm-fK^s^^r  ms^ 
to  a  large  extent  for  domestic  use;    therefore,  to  prevent  FhUa* 
becoming  a  smoky  and  imcleanly  city,  comparable  to  tl^n-«e  Lti  whF 
coal  is  entirely  used,  it  is  necessary  for  us  to  have  r^  Eif^nnable  f 
city  ordinances  on  the  subject,  which  will  govern  the  eonduot* 
and  indifferent  without  embarrassing  those  who  makf'  a  r»W 
prevent  the  issue  of  smoke.     If  there  are  no  regulation^  on  Ulb 
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consumer  is  allowed  to  bum  bituminous  coal  in  any  manner  that  to  him  seems 
the  most  easy  and  expedient,  we  will  then  have  a  smoky  city,  as  has  been  abun- 
dantly illustrated  elsewhere.  If,  on  the  other  hand,  we  have  well  founded  laws 
and  regulations  whose  intent  should  be  to  instruct  the  consumer,  without  seriously 
annoying  him,  we  will  be  on  the  best  road  to  reach  the  desired  solution. 

There  are  two  systems  for  the  hand-firing  of  bituminous  coal,  which,  if  faith- 
fully pursued,  do  prevent  the  issue  of  black  smoke.-  These  methods  are  usually 
known  as  the  "Sprinkling  System"  and  the  "Coking  System."  Both  of  these 
methods  have  been  in  use,  more  or  less,  for  over  a  century.  By  the  sprinkling 
system,  firing  is  performed  at  frequent  intervals  and  small  quantities  of  fresh 
coal,  at  a  time,  are  scattered  over  the  fire.  By  the  coking  system,  the  fresh  coal 
is  piled  at  the  fire  mouth  and  pushed  back  and  spread  over  the  incandescent 
mass  in  front  of  it,  after  it  is  coked.  It  is  also  well  known  that  both  of  these 
methods  entail  either  loss  in  efficiency  or  increased  labor  to  the  fireman.  The 
sprinkling  system,  as  performed  by  hand,  is  usually  attended  by  loss;  inasmuch 
as  the  fire-doors  are  opened  too  frequently  and  large  quantities  of  cold  air  sweep 
through  to  the  chimney.  By  the  coking  system,  increased  labor  devolves  upon 
the  fireman,  as  it  prevents  free  access  to  the  body  of  incandescent  fuel  for  clean- 
ing, removing  clinkers,  etc.,  and  consequently  it  is  usually  difficult  to  enforce 
either  of  these  methods,  especially  if  the  fireman  is  overworked  by  the  pressure 
of  his  duties. 

These  methods  of  firing  are  successf  uUy  accomplished  by  the  means  of  mechan- 
ical stokers,  especially  the  coking  system,  which  is  the  most  customary  method, 
and  the  various  methods  of  mechanical  stoking  in  vogue,  are  based  on  the  prin- 
ciple that  fresh  fuel  is  applied  by  increments,  and  that  the  volatile  gases,  which 
pass  off  at  the  early  stages  and  which  carry  the  black  smoke,  are  either  passed 
over,  or,  preferably,  through  the  mass  of  incandescent  fuel,  where  the  tempera- 
ture is  raised  to  such  an  extent  that  complete  combustion  ensues.  This  object 
is  accomplished,  with  practically  similar  results  on  the  imder-fed,  the  horixontiU- 
fed  and  on  the  down-draft  systems :  they  all  give  nearly  the  same  final  results 
when  properly  applied.  It  is  now  sufficiently  demonstrated  that,  with  a  good 
83r6tem  of  mechanical  stoking,  bituminous  coal  can  be  successfully  and  econom- 
ically burnt  with  little,  if  any,  visible  smoke  in  the  discharging  gases,  and  the 
city  should  have,  in  all  of  its  departments,  the  best  apparatus  of  the  kind  to 
be  foimd,  as  an  object-lesson  to  which  the  citiiens  can  be  directed  for  informa- 
tion. We  must  remember,  however,  that  even  if  smoke  is  prevented  from  our 
manufactories,  the  use  of  bituminous  coal  for  domestic  purposes  may,  here- 
after, and  probably  will,  create  a  nuisance,  and  we  cannot  put  mechanical  stokers 
in  all  of  our  houses.  Probably  a  convenient  adaptation  of  the  magaiine  system 
would  present  one  solution  of  the  problem,  but  it  is  likely  that  other  methods 
of  preparing  fuel  for  domestic  purposes  would  prove  the  most  convenient  method, 
and  we  can  refer  to  the  successful  use  of  briquetted  coal,  now  so  largely  adopted 
in  Germany.  The  establishment  of  large  bi-product  coke  ovens,  in  the  vicinity 
of  cities,  would  yield  an  abundant  supply  of  coke,  but,  while  this  coke  would  be 
desirable  for  foundries  or  similar  industrial  establishments,  it  is  not  a  convenient 
fuel  for  domestic  purposes.  It  is  too  light  and  bulky  and  crushes  too  readily 
into  dust. 

Another  solution  is  the  introduction  of  cheap  fuel  gas,  and  it  is  probable 


^  ,^^ 


^ 


% 


176  Discussion — Burning  Bituminous  Coal. 

what  on  the  plan  of  a  reverberatory  furnace.  With  thia  system  after  the  fire 
has  once  become  bright,  it  is  ahnost  impossible  to  make  it  smoke. 

I  believe  that  I  can  take  nine  out  of  ten  boilers  in  the  city  of  Philadelphia 
to-day  and  re-arrange  their  grates  at  a  very  small  expense,  so  that  if  the  fireman 
will  take  any  pains  at  all  he  can  reduce  the  amoimt  of  smoke  that  would  be 
ordinarily  emitted  fully  75  per  cent. 

There  is  another  point  that  has  been  touched  upon  regarding  the  utility  of 
forced  combustion,  and  upon  which  I  would  like  to  say  a  few  words  in  addition 
to  what  Mr.  Christie  and  Mr.  Hartman  have  said  on  that  particular  point. 
The  absence  of  smoke  does  not  always  indicate  economy,  so  far  as  combustion 
is  concerned;  neither  does  the  presence  of  smoke  always  indicate  any  great 
loss.  In  order  to  secure  economical  combustion  of  coal,  the  carbon  must  be 
distilled  into  the  gases,  which  combine  with  the  oxygen  of  air  in  the  propor- 
tions one  and  two.  In  the  former  we  get  carbon  monoxide;  in  the  latter  we 
get  the  carbon  dioxide  which  is  twice  as  hot  as  the  monoxide.  The  more  forc- 
ible the  admission  of  air,  the  quicker  and  more  thorough  is  apt  to  be  the  mix- 
ture of  the  gases;  and  the  sooner  it  is  obtained,  the  smaller  is  the  proportion 
of  air  with  the  carbon,  and  while  the  carbon  may  all  be  consiuned  as  the  dioxide, 
the  proportions  of  air  used  are  so  great  that  the  nitrogen  dilutes  and  cools  it 
very  much. 

The  economy  with  forced  combustion  is  brought  about  by  securing  much 
more  quickly  a  thorough  mixture  between  the  oxygen  in  the  air  and  the  car- 
bon; when  this  mixture  is  completed  in  the  presence  of  sufficient  heat,  then 
we  get  a  smokeless  combustion,  but  if  the  mixture  has  not  been  secured  before 
the  gases  reach  the  boiler  shell,  many  of  the  volatile  pieces  of  carbon  are  likely 
to  pass  off  as  black  smoke,  but  it  can  hardly  be  called  economy  if  the  forced 
draft  is  so  great  that  part  of  the  gases  are  forced  out  through  leaky  boiler  set- 
tings. 

UoLSTEiN  DB  H.  BRIGHT. — I  would  like  to  ask  Mr.  Hartman  a  question 
about  the  Jones  Underfed  Stoker.  Is  the  fire  concentrated  and  is  it  higher 
and  more  intense  in  the  center,  thereby  endangering  the  tubes  located  centrally 
over  each  stoker? 

Mr.  Hartman. — From  what  I  have  seen  of  this  stoker,  the  fire  appears  to 
be  well  distributed.  The  tuyeres  on  each  side  are  some  distance  apart  and 
there  is  not  an  intensely  hot  section  of  the  fire  at  the  center;  it  b  pretty  well 
distributed  and  the  tendency  is,  as  the  coke  is  broken  up  by  the  operation  of 
the  ram  in  forcing  in  fresh  coal,  to  spread  the  fire  to  each  side.  The  coal  com- 
ing up  from  below  forms  a  core  in  the  center  that  will  not  fire  so  quickly  as  the 
part  nearest  to  the  tuyeres,  and  combustion  is  thus  retarded.  I  have  seen  no 
cases  where  a  flue  or  tube  has  been  burned. 

Mr.  Hartman. — ^There  is  nothing  further  to  say.  All  that  can  be  asked 
of  my  feUow-members  is  to  give  us  a  little  encouragement  in  fighting  for  the 
smoke  bill,  for  we  have  not  been  on  a  bed  of  roses  by  any  means. 


The  following  ordinance,  passed  since  the  presentation  of  the  preceding 
paper,  is  appended  at  the  request  of  Mr.  Hartman,  who  states  that  "it  is  not 
perfect,  but  is  the  best  to  be  had  and  will  do  for  a  beginning."  t 
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AN  ORDINANCE. 
To  regulate  the  emission  of  smoke  from  chimne3rs,  stacks,  flues  or  open  spaces 
within  the  City  of  Philadelphia;  providing  a  color-scale  for  the  measure- 
ment of  the  degree  and  darkness  of  such  smoke ;  making  it  imlawf ul  to  per- 
mit the  escape  of  smoke  of  certain  degrees  of  darkness  and  providing  a  penalty 
for  the  violation  of  thb  ordinance. 

Section  1.  The  Select  and  Common  Councils  of  the  City  of  Philadelphia  do 
ordain,  That  for  the  purpose  of  regulating  the  emission  of  smoke  from  chinmeys, 
stacks,  flues  or  open  spaces  within  the  said  City,  and  to  determine  by  com- 
parison the  degree  of  darkness  of  smoke  so  emitted  a  color-scale  shall  be,  and 
the  same  is  hereby,  adopted  as  follows: 

One  thickness  of  gray  glass  of  suflicient  capacity  to  cut  off  sixty  (60)  per 
cent,  of  the  light  from  a  flame  having  a  lighting  power  of  sixteen  (16)  candles, 
shall  be  taken  as  the  basis  of  this  scale;  two  thicknesses  of  said  glass  shall  be 
known  and  designated  as  No.  1  scale;  foiu*  thicknesses  of  the  said  glass  shall 
be  known  and  designated  as  No.  2  scale. 

Sect.  2.  It  is  forbidden  and  hereby  declared  to  be  imlawful  to  suffer  or 
permit  the  emission  or  escape  of  smoke  from  any  or  all  fires  not  in  motion, 
or  fires  banked  or  in  a  state  of  rest,  or  from  any  burning  or  active  fire  through 
a  (tack,  flue  or  chinmey  less  than  fifty  (50)  ^eet  high  of  a  color  greater  than 
No.  1  scale. 

Sect.  3.  It  is  hereby  forbidden  and  declared  to  be  imlawful,  within  the 
limits  of  the  City  of  Philadelphia,  to  suffer  or  permit  the  escape  or  emission 
of  smoke  of  a  degree  of  darkness  in  excess  of  scale  No.  2,  for  a  period  of  more 
than  five  (6)  consecutive  minutes,  from  any  locomotive  or  river  steam  craft 
standing  with  banked  fires  or  engaged  in  shifting;  or  for  a  period  of  more  than 
ten  (10)  minutes  from  any  locomotive  or  river  steam  craft  whose  fire  may  be 
in  process  of  cleaning  or  preparing  for  starting.  Provided,  however,  That  none 
of  the  provisions  of  this  ordinance  shall  apply  in  the  case  of  a  locomotive,  or 
locomotives  or  river  steam  craft,  in  continuous  transit  through,  or  across  the 
City,  or  entering  or  departing  therefrom. 

Sect.  4.  It  is  hereby  further  ordained  that  smoke  may  be  suffered  or  per- 
mitted to  escape  from  any  puddling,  open  hearth,  or  forge  furnace  now  erected 
of  a  degree  of  darkness  not  exceeding  No.  2  color-scale,  through  a  chimney 
fifty  (50)  feet  high,  and  from  any  puddling,  open  hearth,  forge  or  other  furnaces 
hereafter  erected  of  a  degree  of  darkness  not  exceeding  No.  1  color-scale  with  a 
chinmey  not  less  than  one  hundred  and  fifty  (150)  feet  high;  but  that  the 
emission  or  escape  of  smoke  of  a  color  degree  of  darkness  greater  than  that 
provided  respectively  in  this  section  is  hereby  prohibited  and  made  imlawful. 

Sect.  5.  It  is  hereby  further  ordained  that  no  fumes  of  a  sulphurous  or 
obnoxious  odor  occasioned  by  the  melting  of  scrap-tin  or  other  metal,  shall 
be  permitted  to  escape  from  any  foimdry  or  furnace  within  the  built-up  g^^-^nn 
of  the  City. 

Sect.  6.  The  provisions  of  this  ordinance  shall  not  apply  as  to  t' 
of  smoke  between  the  hours  of  4  a.  m.  to  7  a.  m. 

Sect.  7.  Any  person  or  persons  who  shall  violate  any  of  the  pro^ 
this  ordinance,  or  suffer  or  permit  any  of  the  acts  hereby  forbidden  or 
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to  be  unlawful,  shall  be  subject  to  a  penalty  of  twenty-five  (25)  dollars  for 
each  offense,  such  penalty  to  be  collected  and  recovered  by  and  at  the  suit  of 
the  City  of  Philadelphia  for  the  use  of  said  City,  as  debts  of  like  amount  are 
now  by  law  recoverable.  Provided,  however,  That  any  suits  for  the  violation 
of  the  terms  of  thb  ordinance  must  be  brought  within  five  (5)  days  after  the 
offense  shall  have  been  committed;  and  within  forty-eight  (48)  hours  after 
the  commission  of  the  offense,  a  notice  shall  be  mailed  to  the  offender  by  the 
Bureau  of  Boiler  Inspection  notifying  the  offender  of  the  violation  of  this  ordi- 
nance and  the  details  of  such  violation. 

Sect.  8.  The  provisions  of  this  ordinance  shall  become  operative  and  effectiTe 
on  the  Ist  day  of  October,  1904,  and  the  enforcement  of  said  provisions  shall 
be,  and  is  hereby,  made  the  duty  of  the  Bureau  of  Boiler  Inspection,  subject 
to  such  incidental  rules  and  regulations  as  the  said  Bureau  of  Boiler  Inspection 
may  establish  and  provide. 
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CONFLAGRATIONS  IN  CITIES.       ^ 

A  Topical  Discussion,  March  5,  1904. 

HENRY   LEFFMANN. 

Engineers  can  probably  leam  as  much  from  fires  of  moderate  size 
as  from  those  that  devastate  a  large  territory,  but  human  temperament 
is  such,  that  great  catastrophes  are  needed  to  attract  general  attention. 
The  Chicago  theatre  fire  led  to  examination  of  the  conditions  of  safety 
and  fire-prevention  in  theatres  all  over  the  worid ;  the  Baltimore  fire 
drew  widespread  public  attention  to  the  insuflSciency  of  modem 
mimicipal  construction. 

As  an  introduction  to  the  discussion  of  the  whole  subject  of  fire- 
prevention  and  fire-control  in  cities,  I  have  been  assigned  the  honor 
of  exhibiting  some  lantern  slides  illustrating  prominent  features  of  the 
Baltimore  ruins.  It  may  be  of  interest  before  proceeding  with  these 
to  exhibit  a  slide  showing  the  approximate  comparative  area  of  some 
noted  conflagrations,  as  follows : 

Chicago,  187 1 2000  acres 

London,  1666 375    " 

Baltimore,  1904 14    *' 

Boston,1872 65    '' 

Philadelphia,  1850 13    " 

Of  course,  these  figures  show  only  one  of  the  many  points  of  com- 
parison. The  total  monetary  loss  in  each  case  would  not  coincide 
with  the  above  data;  moreover,  the  fire  area  should  be  compared  with 
the  total  area  of  the  city.  Thus,  the  area  of  the  Philadelphia  fire  of 
1850  represents  a  much  larger  ratio  of  destruction  than  the  figures 
given  indicate.  The  Chicago  fire,  even  under  such  allowances,  would 
still  be  the  largest  area  definitely  ascertained.  The  London  fire  stands 
next,  and  there  is  a  special  engineering  interest  attaching  to  it,  because 
Sir  Christopher  Wren  proposed  a  plan  for  rebuilding,  which  if  accepted 
would  have  greatly  improved  the  city,  and  anticipated,  by  many 
years,  some  of  the  methods  of  modem  mimicipal  improvement.  In 
spite  of  the  assistance  of  the  government,  the  great  architect  '""'* 
unable  to  secure  the  acceptance  of  his  plan  by  the  citizens.  Thi 
the  courtesy  of  Dr.  William  Beam,  I  have  secured  a  rough  c 
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this  rebuilding  plan  from  a  map  in  the  British  Museum,  and  will 
exhibit  a  lantern  slide  of  it. 

I  will  leave  to  others  to  discuss  the  engineering  inferences  to  be 
drawn  from  the  Baltimore  ruins,  but  I  wish  to  call  special  attention  to 
certain  slides  that  show  the  great  danger  from  overhead  wires,  not 
only  from  their  general  entanglement  obstructing  the  progress  of  the 
firemen,  but  also  the  liabihty  of  them  to  cause  fatal  shock. 

A  point  that  deserves  consideration  is  the  value  of  wire-glass  as  a 
fireproofing  material. 

GENERAL  DISCUSSION. 

William  McDevitt. — Mr.  Chairman  and  members  of  The  Engineers'  Club  : 
This  subject,  I  am  sure,  should  be*a  very  appropriate  one  for  this  organization, 
and  I  hoped  when  coming  here  to-night  to  hear  the  opinions  of  some  of  you  who 
may  have  visited  the  Baltimore  ruins,  regarding  the  effect  of  the  fire  and  resist- 
ance offered  by  the  modem  fireproof  buildings. 

In  walking  over  the  ruined  streets  it  was  hard  to  recall  to  mind  the  once  busy 
thoroughfares  that  are  now  lined  with  heaps  of  waste,  and  one  particular  fea- 
ture noted  was  that,  among  the  few  spectators,  there  was  an  absence  of  those 
who  had  occupied  the  burned  buildings,  which  no  doubt  was  owing  to  the  sicken- 
ing sight  presented  to  them  and  also  the  gloomy  outlook  for  the  future.  Balti- 
more has  a  fire  department  of  size  proportionate  to  the  size  of  that  city,  and  I 
personally  know  of  several  threatening  fires  occurring  there  which  extended  to 
two  or  three  buildings,  but  the  fires  were  copquered  just  as  we  have  seen  here. 
The  fire  service  is  composed  of  about  twenty-five  engines  and  other  apparatus 
manned  by  three  hundred  men.  We  have  in  our  city  double  the  nimiber  of  ap- 
paratus and  also  the  nimiber  of  men. 

The  recent  Baltimore  fire  looked  insignificant  at  first.  It  occiured  in  a  build- 
ing six  stories  high  and  about  100  feet  by  140  feet,  occupied  as  a  dry-goods  store. 
The  firemen  broke  into  the  building  and  found  the  fire  burning  in  the  cellar,  and 
upon  attempting  to  fight  it  they  were  driven  back  by  the  smoke,  which  was 
being  carried  up  an  open  hatchway,  which  served  as  a  chimney,  to  the  upper 
floors.  Water  was  then  directed  from  the  first  floor  down  the  open  hatch.  Sud- 
denly, there  was  a  violent  explosion  from  the  upper  part  of  the  building,  which 
forced  the  men  out  of  the  doors,  and  at  the  same  time  burst  all  of  the  windows 
above  and  directed  a  flame  of  fire  across  the  street,  setting  the  buildings  opposite 
on  fire.  The  chief  of  the  fire  department  informed  me  that  within  six  or  seven 
minutes  seven  buildings  fronting  the  Hurst  building,  wherein  the  fire  originated, 
were  aU  on  fire. 

My  errand  there  was  to  investigate  the  cause  of  explosions,  which  were  aD 
explainable.  In  about  fifteen  minutes  after  the  fire  had  enveloped  a  number 
of  buildings  a  terrific  explosion  was  heard,  which  had  the  tendency  to  demoralize 
the  firemen  for  a  while.  It  was  said  that  this  explosion  came  from  powd'^*' 
the  report  being  heard  all  over  the  city.  In  company  with  a  resident  of  Baltir 
I  was  taken  over  the  ruins  immediately  in  front  of  the  Hurst  building,  w^ 
building  formerly  occupied  as  a  hardware  store  stood.     In  front  of  the  bui 


182  General  Discussion — Conflagratums  in  Cities, 

on  the  sidewalk,  there  had  been  a  magasine  of  gunpowder.  The  law  of  that 
city  requires  that  all  gunpowder  must  be  kept  outside  of  the  buildings  where 
sold.  A  member  of  the  hardware  firm  admitted  that  the  powder  was  there  at 
the  time  of  the  fire,  and  it  was  said  that  the  explosion  blew  in  the  front  of  that 
building  and  sent  burning  embers  in  all  directions.  We  can  imagine  what  the 
conditions  were  at  the  early  stage  of  the  fire.  The  chief  informed  me  that  in 
less  than  one  hoiu*  he  had  given  up  the  idea  of  checking  the  fire  and  called  for 
aid  from  other  cities.  Within  the  time  one  whole  block  was  well  on  fire  the 
burning  embers  could  be  seen  curried  by  the  wind  blocks  away,  where  other 
fires  were  started.  In  the  path  of  the  fire  were  several  buildings  of  modem 
fireproof  construction,  but  the  people  who  built  them  never  expected  such  an 
exposure  to  fire  as  they  were  subjected  to.  These  high  buildings,  I  was  in- 
formed, took  fire  when  the  sr^eep  of  fire  was  several  blocks  away,  a  feature  that 
is  easily  explained,  as  we  had  in  our  city  fires  on  Arch  and  on  Maricet  Streets, 
where  the  heat  extended  across  the  street  and  set  fire  to  window-shades  inside 
and  left  the  window-glass  intact.  That  can  happen  with  a  temperature  of  sereo 
or  eight  himdred  degrees,  but  it  would  be  hard  to  estimate  the  temperature 
of  the  heat  from  the  Baltimore  fire,  with  six  or  seven  blocks  burning;  it  must 
have  been  at  least  1500  degrees,  and  the  high  buildings,  with  waUs  pierced  with 
windows,  were  an  object  for  the  heat  from  the  most  fierce  combustion,  judging 
from  the  absence  in  the  nuns  of  a  single  stick  of  wood.  A  fire,  occurring  within 
one  of  these  high  buildings,  would  not  affect  the  structiue  much,  but  in  the 
Baltimore  fire  they  were  enveloped  in  a  terrific  wave  of  fire  and  heat. 

The  damage  to  these  modem  structures  is  being  calculated  by  a  conwiittee 
of  insurance  engineers.  It  has  been  said  that  such  a  fire  could  not  occur  in  oar 
city,  but  such  a  statement  is  misleading,  as  we  have  had  one  or  two  fires  in  our 
city  which,  if  occurring  on  Sunday  or  in  the  middle  of  the  night,  might  have 
resulted  in  such  a  calamity  as  that  of  Baltimore.  During  the  buming  of  the 
Hirsch  building,  opposite  Wanamaker's,  a  few  years  ago  in  the  daytime,  the 
heat  from  that  building  affected  buildings  two  hundred  feet  off,  setting  fire  to 
them,  but  you  could  see  the  people,  who  fortunately  were  inside  at  the  time, 
extinguishing  the  fires.  At  that  fire,  although  the  wind  was  northwest,  the 
heat  broke  the  window-glass  in  the  City  Hall  at  a  distance  of  200  feet.  It  would 
be  hard  to  imagine  what  the  result  would  have  been  if  the  fire  had  occurred  at 
a  time  when  the  buildings  were  left  to  the  mercy  of  buming  brands. 

We  show  the  superiority  of  our  fire-fighting  appliances  as  compared  to  that 
of  foreign  coimtries,  but  our  trouble  comes  down  to  building  construction.  In 
many  instances  of  fires  it  is  the  building  that  makes  the  fire,  as  often  we  have 
fires  in  a  five-  or  six-storied  building  which  has  been  gutted  and  we  got  thirty 
or  forty  thousand  dollars'  worth  of  goods  from  the  ruins,  as  the  interior  of  the 
building  tumbles  down  before  the  contents  are  bumed. 

The  explosion  which  occurred  in  the  Hurst  building  in  Baltimore,  wherein 
the  fire  started,  resulted  from  an  accumulation  of  gases  in  the  smoke.  The  fire- 
men stated  that  the  building  became  darkened  and  the  smoke  coming  down 
from  the  upper  floors  became  ignited.  These  "smoke"  exfdosions  generally 
occur  at  an  early  stage  of  fires,  but  just  as  soon  as  we  get  water  on  the  fire  and 
steam  is  produced  and  is  carried  up  to  the  cloud  of  smoke,  the  explosive  mixture 
is  dampened  and  the  ignition  of  the  gases  is  prevented. 
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Wm.  Copeland  Fubber. — I  have  visited  Baltimore  twice  ance  the  fire  and, 
while  there,  was  very  much  interested  in  studying  the  behavior  of  the  modem 
fireproof  buildings  imder  the  conditions  which  prevailed  during  the  recent  con- 
fla^^on. 

The  damage  suffered  by  these  large  fireproof  buildings  was  surprising,  and 
their  behavior  was,  at  first  glance,  distinctly  disappointing.  I  had  expected 
that  such  buildings  as  the  Calvert  and  the  Equitable,  and  other  high  buildings 
of  similar  construction,  would  have  offered  a  check  to  the  flames,  but  they  now 
stand  as  blackened  ruins  in  a  broad  swath  of  desolation  and  waste.  It  is  only 
when  we  realize  that  they  are  still  standing,  when  all  other  buildings  of  other 
forms  of  construction  are  piles  of  debris,  that  the  sense  of  disappointment  at 
their  disfigurement  is  modified  by  the  appreciation  of  the  fact  that  they  are 
still  upright  and  apparently  soimd  structurally. 

When  these  costly  and  monumental  structures  are  examined  in  detail  and 
the  destruction  of  their  wealth  of  marble  and  bronze  and  other  elaborate  fit- 
tings is  perceived,  one  cannot  but  be  impressed  with  the  utter  waste  of  what 
was  intended  by  the  designers  to  be  imperishable,  and  have  a  feeling  of  sympathy 
for  those  who  suffered  from  the  loss  of  what  they  deemed  a  permanent  invest- 
ment. 

I  made  a  very  careful  examination  of  the  Calvert  Building — a  modem  fire- 
proof structure  of  superior  construction — upon  my  first  visit  to  Baltimore.  I 
found  from  top  to  bottom  hardly  a  bit  of  combustible  material  left.  The  sleepers 
in  the  concrete  filling  over  the  top  of  the  tile  arches  were  completely  burned 
out.  The  glass  electric  light  bulbs,  bottles  and  other  articles  of  glass  had  melted 
and  run  into  shapeless  masses  or  little  pools.  This  melting  of  the  glass  indicated 
a  temperature  of  at  least  2500  degrees  Fahr.  All  the  floors  of  the  building 
were  completely  gutted,  most  of  the  partitions  were  down,  though  I  believe 
that  many  of  these  partitions  were  thrown  down  by  the  concussion  caused  by 
the  explosion  of  dynamite  which  was  used  in  wrecking  buildings  in  the  attempt 
to  create  fire-breaks  to  stay  the  progress  of  the  flames. 

The  Calvert  Building  is,  I  should  say,  about  one-half  the  size  of  the  Drexel 
Building,  Philadelphia,  and  outside  of  the  walls  and  the  hollow  tile  floors  and 
the  skeleton,  nothing  of  value  remains.  The  hollow  tile  arches  are  intact  on 
the  tops,  but  in  many  cases  the  lower  sides  of  the  tile  have  fallen  off  and  the  floor 
is  covered  with  parts  of  this  tile  which  seem  to  have  lost  all  of  their  structural 
value  and  have  about  the  same  consistency  as  dried  mud.  I  do  not  know  what 
the  particular  composition  of  this  mixture  of  fire-clay  was,  but  I  cannot  believe 
that  it  was  a  proper  one,  or  I  am  sure  it  would  have  been  able  to  pass  through 
such  temperature  as  this  without  material  injury;  as  I  have  made  a  number 
of  tests  of  porous  fire-clay  hollow  tiles,  heating  them  to  redness  and  plimging 
them  into  water  without  apparent  injury  to  their  structural  properties. 

The  exterior  walls  of  this  building  are  greatly  injured  by  the  flames,  and 
much  of  the  ornamental  terra  cotta  is  completely  destroyed  for  architectural 
purposes  and  will  have  to  be  replaced.  The  skeleton  is  apparently  uninjured;, 
the  only  injury  apparent  being  one  of  the  columns  on  one  of  the  upper  floors, 
which  was  buckled  because  the  fireproofing  had  been  broken  off.  That  the 
damage  was  not  greater  than  it  was,  is  surprising,  when  it  is  realized  that  th< 
fire  swept  completely  through  the  building  from  side  to  side  on  every  floor, 
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The  Equitable  Building,  which  adjoins  the  Calvert  Building,  is  not  a  fireproof 
fitnicture  of  the  most  approved  type;  indeed,  the  damage  it  has  suffered  b  sufii- 
<;ient  to  show  that  it  was  very  defective  in  many  respects.  It  is  at  present  in 
a  serious  condition,  and  careful  examination  of  the  skeleton  will  have  to  be 
made  to  see  if  it  is  not  greatly  injured.  Many  of  the  floor  beams  and  girders 
are  bent  and  twisted.  The  floor  construction  seems  to  have  consisted  of  seg- 
mental terra  cotta  arches  without  protection  to  the  lower  flange  of  the  beams, 
and  above  this  a  thick  plank  floor  was  placed,  with  no  filling  over  the  arches  or 
under  the  floors.  When  the  wood  floor  burned  out,  I  am  informed  that  the 
fireproof  safes  in  the  oflices,  having  nothing  to  rest  on,  toppled  over  and  crashed 
through  the  floors  and  broke  many  of  the  arches  and  bent  many  of  the  beams. 
When  I  first  saw  this  building,  I  asked  permission  of  one  of  the  guardsmen  to 
«nter  it,  and  he  refused,  saying  that  it  was  not  safe.  I  replied  that  I  was  willing 
to  take  the  risk,  if  he  gave  me  permission;  before  he  had  an  opportunity  to 
make  a  reply,  a  safe  fell  from  one  of  the  top  stories,  crashing  through  floor  after 
floor,  accompanied  with  flying  debris  and  raising  such  a  cloud  of  dust  that  I 
concluded  that  the  guardsman  was  right  and  I  did  not  press  my  request  further. 

The  Court  House  opposite  the  Calvert  and  Equitable  Buildings  was  not 
seriously  injured,  except  on  one  comer,  where  the  marble  b  spalled  and  cracked. 
'That  thb  building  escaped  seems  like  a  miracle,  as  all  the  buildings  on  two  sides 
of  it  were  either  destroyed  or  burnt  out.  I  am  informed  the  little  damage  the 
Court  House  sustained  was  largely  due  to  the  efforts  of  the  employees,  who 
kept  streams  of  water  pla3ring  over  the  faces  of  the  waUs  and  windows,  and 
whenever  any  of  the  woodwork  around  the  openings  took  fire  immediately 
quenched  it  with  water. 

In  looking  over  the  burned  area  in  Baltimore,  one  cannot  but  be  impressed 
by  a  sense  of  desolation  and  waste  and  by  a  feeling  of  regret  that  the  works 
of  man  cannot  be  made  more  durable ;  yet  when  the  problem  of  the  prevention 
of  thb  fire  waste  b  studied  as  a  whole,  the  reason  for  the  failiue  of  these  modem 
fireproof  buildings  b  made  apparent  and  the  defects  in  their  design  become  ob- 
vious. No  building  of  any  reasonable  construction  can  be  said  to  be  fireproof 
when  its  walb  are  pierced  with  many  windows  of  fragile  glass  fastened  in  wood 
sash  and  wood  frames.  This  defect  is  still  further  augmented  when  the  floor 
plan  b  such  that  three  or  four  sides  of  the  building  are  so  exposed,  with  no  fire- 
break in  the  shape  of  a  solid  wall  to  prevent  a  draft  through  the  building  from 
side  to  side.  It  has  been  pointed  out  here  to-night  by  one  of  the  speakers  that 
wire  glass  windows  will  not  prevent  the  ignition  of  window-shades  and  other 
inflammable  matter  on  the  inside  of  such  a  window,  even  though  no  openinj^ 
exists  for  the  entrance  of  the  flames,  as  in  a  conflagration  the  radiant  heat  b  so 
great  that  the  glass  offers  no  barrier  to  these  rays. 

Mr.  S.  Albert  Reed  ("  Journal  of  the  FraakUn  Institute,"  November,  1806)  esti- 
mates that  the  temperature  of  a  fire  in  a  lard  refinery  at  59th  Street  and  Eleventh 
Avenue,  New  York,  was  5000  degrees  Fahr.,  and  with  such  a  temperature  as 
thb,  the  radiation  to  the  adjoining  properties  would  be  dependent  upon  th^ 
distance  from  and  the  exposure  to  the  source  of  the  fire.  Wire-glass  windows 
would  not  prevent  such  temperature  as  thb  from  affecting  inflammable  mate- 
rial, but  if  by  maintaining  their  integrity  they  prevented  a  draft  of  air  from 
increasing  the  combustion  within,  and  sweep  of  the  flames  from  without,  it 
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would  still  be  possible  to  employ  human  intervention  or  automatic  sprinkling 
devices  to  prevent  combustion  and  reduce  the  internal  temperatures.  A  careful 
examination  of  the  waUs  of  these  large  office  buildings  still  further  emphasizes 
the  necessity  of  keeping  the  window  openings  closed,  as  a  large  part  of  the  damage 
to  the  walls  of  these  buildings  seems  to  have  come  from  wUhin  the  buUdinga 
themselves  and  not  from  vnihotd.  Wire-glass  windows  with  the  assistance  of 
automatic  sprinklers  would  no  doubt  have  prevented  a  great  deal  of  this  damage, 
as  was  illustrated  to  a  degree  in  saving  the  Court  House  by  water  properiy  and 
intelligently  applied  by  hand.  It  is  highly  probable  that  the  radiant  heat  ignited 
the  wooden  frames  and  the  interior  fittings  and  finisdings  of  these  buildings 
and  that  their  combustion  caused  the  damage. 

In  studying  the  behavior  of  such  large  fires  the  effect  of  highly  heated  air 
in  completing  combustion  cannot  be  ignored.  Temperatures,  corresponding 
very  nearly  to  those  obtained  in  regenerative  furnaces,  no  doubt  prevail,  and 
no  materials  used  for  constructive  purposes  can  withstand  such  high  temperature, 
but  the  sources  of  danger  can  be  guarded  against  by  taking  the  exposure  risk 
into  consideration  in  the  planning  of  fireproof  buildings. 

It  is  possible  to  lay  out  a  floor  plan  with  elevator  and  stairway  shafts  so 
enclosed  that  they  will  not  act  as  vertical  flues  for  a  spread  of  flames,  and  it  is  also 
possible,  by  making  the  office  partitions  of  non-combustible  materials,  to  pre- 
vent the  cross-drafts  through  the  building,  even  though  the  outside  of  the  build- 
ing should  be  attacked.  The  neglect  of  these  fireproof  division  walls  and  fire- 
bricks cost  the  owners  of  these  high  buildings  much  that  could  have  been  saved 
by  their  use,  and  in  the  future  planning  of  such  buildings  this  lesson  should 
be  borne  in  mind,  as  it  is  in  intelligently  designed  "slow-burning"  and  wooden 
constructed  building.  Restricted  areas:  enclosed  shafts  and  stairwa3rs,  pro- 
tected exposures,  non-combustible  window-frames  and  sash  with  wire-glass, 
automatic  sprinklers  and  internal  and  external  water  protection,  independent 
of  the  public  service,  would  seem  to  be  the  remedies  suggested  to  prevent 
occurrences  of  loss  and  waste  similar  to  those  of  Baltimore. 

F.  ScBtJMANN. — No  one  having  knowledge  of  the  existing  conditions,  of  the 
mingling  together  of  fireproof,  semi-fireproof,  and  combustible  buildings  in  our 
larger  ciUes,  need  be  surprised  at  the  recent  conflagration  in  the  city  of  Balti- 
more. Any  of  our  larger  cities  is  liable  to  a  similar  catastrophe  at  any  time. 
There  is  no  known  building  material  or  method  of  building  that  will  resist  the 
destructive  effects  of  great  heat,  as  is  possible  at  this  time  in  congested  parts 
of  our  cities.  Widespread  conflagrations  will  occur  now  and  again  imtil  the 
proportion  of  fire-resisting  buildings  becomes  a  maximum  by  the  gradual 
elimination  of  those  less  resistant. 

Notwithstanding  the  considerable  knowledge  we  possess,  as  to  the  essentials 
to  lessen  destruction  by  fire,  the  fact  remains  that  many  of  our  so-called  fire- 
proof buildings  are  faulty  in  design  and  execution.    Buildings  supposedly  fire- 
proof are  erected  in  the  midst  of  older  or  combustible  buildings,  often  stored 
with  hig^y  inflammable  and  combustible  merchandise.    No  provision  is  ma^' 
against  the  ingress  of  fire  through  openings,  no  separating  fire-walls  to  conf 
the  conflagration  to  a  building,  or  within  it,  and  when  a  fire  breaks  out  m 
favorable  conditions,  such  as  a  northwest  wind  charged  with  ox3rgen,  fr 
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water  hydrants,  a  network  of  overhead  electric  and  other  wires,  and  a  building; 
stored  with  dry-goods,  furniture,  or  paints  and  oils,  the  result  can  be  foreseen. 

I  am  of  the  opinion  that  architects  and  engineers  can  produce  buildings 
having  fire-resisting  qualities,  both  from  the  exterior  and  interior,  far  superior 
to  those  now  constructed,  and  that  the  great  losses  from  conflagrations  like  the 
Baltimore  fire  can  be  positively  avoided. 

Assuming  a  modem  fireproof  building  ornamental  in  design,  the  first  con- 
sideration will  be  the  avoidance  of  all  combustible  building  material,  the  use 
of  material  that  will  resist  heat  most  effectively,  and  the  prevention  of  ingress  or 
egress  of  fire  through  doors,  windows,  or  other  openings.  In  office  buildings 
the  furniture  should  be  of  metal,  its  use  already  anticipated  by  the  exist^ice 
of  desks,  file  cases,  and  tables  of  very  excellent  design  and  workmanship.  All 
door  and  window  frames  should  be  of  metal  and  tile,  and  asphalt  or  concrete 
floors  substituted  for  wood. 

Apartment  stores  or  buildings  for  the  storage  of  merchandise,  which  neces- 
sarily contain  much  inflammable  and  combustible  material,  should  have  special 
provision,  such  as  more  massive  outer  walls,  subdividing  interior  fire-walls  with 
all  openings  protected  by  fireproof  doors  and  shutters.  The  compartments 
resulting  from  the  interior  fire-walls  should  by  all  means  be  provided  with  ven- 
tilating shafts  from  the  foundation  up,  for  the  escape  of  the  expanded  air  and 
gases  of  combustion,  in  the  event  of  a  fire  in  a  compartment.  The  counters 
and  shelves  in  stores  should  be  of  metal  having  fireproof  curtains  or  doors,  and 
waste  material,  such  as  boxes,  paper,  etc.,  should  have  metal  receptacles.  Highly 
inflammable  articles  should  be  stored  in  separate  compartments  of  the  build- 
ings and  located  with  a  view  to  isolation  and  ready  control  in  the  event  of  fire. 

Well-burned  day-brick  is  the  most  efficient  building  material  for  resistiof^ 
heat,  and  when  used  to  protect  metal  construction  great  care  is  necessary  in 
binding  and  anchoring  it  to  the  various  members  of  the  metal  framework  or 
floor  beams.  Expansion  and  deformation  of  walls  and  floors  must  also  be  pro- 
vided for.  Very  efficient  fireproof  doors  and  shutters  exist,  and  wire-glass  in 
metal  frames  has  proved  a  most  excellent  protection  against  the  passage  of  firs. 

Wise  and  active  co-operation  between  the  architect,  engineer,  insurance 
companies,  and  municipal  building  bureaus,  aiming  to  isolate  and  gradually 
eliminate  combustible  buildings,  and  the  rigid  insistence  for  perfection  in  fire- 
proofing,  with  the  addition  of  the  separate  high-pressure  water  service,  must 
result  in  the  avoidance  of  great  conflagrations  in  cities  and  the  consequent  enor- 
mous money  losses. 

Silas  G.  Comport. — The  subject  of  fireproof  construction  was  treated  quite 
extensively  by  Corydon  T.  Purdy  in  a  paper  read  before  the  American  Society 
of  Civil  Engineers,  shortly  after  a  destructive  fire  which  occurred  in  Pittsburg 
in  1808.  Tlie  circumstances  of  the  fire  were  as  follows:  The  Jenkins  Building, 
occupied  by  the  Jenkins  Grocery  Company,  took  fire  in  the  night.  Efforts  were 
made  to  save  the  building,  but  the  fire  had  gained  such  headway  that  the  entire 
front  wall  fell  into  the  street,  thus  carrying  the  fire  across  to  the  Home  Build- 
ings, which  were  of  fireproof  construction.  One  of  the  Home  Buildings  was 
occupied  as  a  retail  dry-goods  store,  and  the  other  as  an  office  building.  The 
heat  broke  the  glass  in  the  windows,  and  set  fire  to  everything  adjacent  to  them. 
In  a  very  short  time  the  entire  contents  of  the  store  building  were  on  fire.  On 
the  upper  floor  scarcely  a  vestige  of  woodwork  remained. 
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As  to  the  suggestion  brought  out  by  Mr.  Schumann,  this  was  violated  in  the 
case  of  the  Home  store  building.  It  was  six  stories  high  without  partitions, 
and  with  an  opening  in  the  center  extending  from  the  first  floor  to  the  sixth 
floor,  surroimded  on  each  floor  by  an  iron  balustrade.  This  opening  made  it 
very  easy  for  the  fire  to  spread  from  story  to  story.  Where  such  openings,  con- 
necting one  story  to  another,  are  necessary  on  account  of  light,  they  could  be 
protected  by  asbestos  covering  made  so  as  to  roll  up  at  the  sides  when  not  needed 
and  then  unrolled  so  as  to  come  together  in  the  center  when  needed.  The  sepa- 
ration of  floors  would  appear  to  be  very  important  in  preventing  the  destruction 
of  the  contents  of  such  a  building.  The  external  terra  cotta  and  cut  stone  were 
badly  cracked  and  scaled,  while  the  face  brick  was  but  little  injured. 

The  necessity  for  show  windows  is  an  objection  to  the  use  of  metal  shutters 
on  the  street  front.  It  is  the  speaker's  opinion,  that,  even  with  the  best  fireproof 
construction  of  large  store  buildings,  one  of  the  most  important  precautions  is 
the  installation  of  automatic  sprinklers  that  will  prevent  or  stop  the  spread  of 
a  fire  in  the  contents  of  such  buildings. 

Wabhinoton  Devereux. — Mr.  Furber  made  a  statement  that  a  modem 
fireproof  building  took  fire  from  an  adjoining  buming  building.  The  building 
referred  to  had  wooden  window-sashes  and  plain  glass,  and  was  imsprinkled. 
A  building  not  equipped  with  wired  ^ass  and  hollow  metal  frames  and  outside 
sprinklers  (dry  pipe  system)  cannot  be  considered  as  slow-buming.  There  is 
nothing  indestructible  by  heat.  As  a  matter  of  course,  all  of  our  combustible 
buildings  of  to-day  cannot  be  tom  down  and  modem  slow-buming  buildings 
erected  in  their  place.  However,  information  that  might  be  instructive  to  the 
public  as  to  the  possible  causes  of  fires  would  probably  do  much  to  lessen  the 
fire  waste.  For  instance,  spontaneous  combustion,  swinging  gas  brackets  on 
wood  or  lath  and  plaster  partitions,  stationary  gas  brackets  within  eighteen 
inches  of  wood  or  other  easily  ignited  material;  the  constant  heat  ascending 
first  carbonizes  and  then  ignites  the  substance,  which  may  be  more  quickly 
brought  about  by  excessive  pressiu^  on  the  supply  pipes,  blowing  loose  a  gas 
tip,  the  flame  often  ascending  a  distance  of  ten  or  fifteen  inches,  rats  and  matches. 
Matches  should  be  placed  in  a  metal  receptacle  protected  by  an  automatic 
cover.  Steam-pipes  on  low-pressure  S3rsteras  in  contact  with  woodwork  have 
been  the  primary  cause  of  fire,  also  hot-air  pipes,  gasoline  stoves,  oil  stoves, 
and  oil  lamps  are  responsible  for  more  fires  than  any  other  known  cause.  The 
use  of  benzine  or  gasoline  for  scouring  purposes  is  most  dangerous,  and  yet  there 
are  few  households  in  this  or  any  other  city  that  do  not  keep  a  supply  on  hand, 
either  as  a  moth-destroyer  or  to  brighten  up  or  cleanse  fumiture  or  needlework. 
Sawdust  cuspidors,  hot  ashes  placed  in  wood  receptacles,  lighted  candles  without 
metal  candle-sticks,  various  polishing  compounds  whose  principal  ingredients 
are  of  an  inflanmiable  nature,  sometimes  cause  fires. 

James  Christie. — Mr.  Chairman :  Almost  all  conflagrations  in  buildings  give 
a  strong  impression  of  how  much  loss  could  be  prevented  if  we  could  confine 
the  flames  to  the  building  first  attacked.     In  almost  all  cases  the  surroundir 
buildinga  are  ignited  by  flames  issuing  through  the  windows  and  other  apertt 
of  the  buming  building,  but  usually  not  until  the  glass  in  the  windows  cr 
and  falls  out,  due  to  the  buming  away  of  the  woodwork  of  the  sash ;  even  ordi 
window-glass  seems  to  withstand  the  heat  very  well,  and  though  cracke< 
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maintain  its  place,  and  keep  the  flame  within  the  building.  The  burning  away 
of  the  sash,  however,  causes  the  whole  sheet  of  glass  to  fall  out^  allowing  sparks 
and  flame  to  ignite  surroimding  buildings.  This  probably  would  occur  as  readily 
with  wired  glass,  if  it  is  set  in  wooden  sash.  To  prevent  this,  the  remedy  would 
seem  to  be  the  use  of  metal  sash  and  doors.  There  are  cases  on  record  in  which 
ordinary  wooden  doors,  covered  with  tin  or  sheet  metal,  like  that  shown  by 
Dr.  Leffmann  on  the  screen,  have  withstood  the  effects  of  fire  very  well  and 
restrained  the  spread  of  the  flame  imtil  the  total  burning  away  of  the  wood 
caused  the  metal  sheet  to  fall  in. 

We  have  to  look  at  flreproofing  construction  from  two  stmidpoints:  first,  to 
prevent  ignition  of  the  building,  if  neighboring  buildings  are  on  fire;  and,  sec- 
ondly, to  prevent  surrounding  buildings  from  igniting  from  the  building  in  which 
the  fire  occurs.  For  both  ends  it  is  necessary  that  the  material  closing  the 
various  apertures  be  able  to  withstand  considerable  degrees  of  temperature. 

The  Brown  Hoisting  and  Conveying  Company  had  a  severe  fire  some  years 
ago  in  a  building  with  metal  frame,  brick  walls,  etc.,  but  unfortimately  it  had 
a  slate  roof  laid  on  planks  with  wooden  purlins.  A  barrel  of  varnish  was  acci- 
dentally ignited,  and  the  building  destroyed  in  a  very  short  time.  Mr.  Brown 
stated  that  he  was  satisfied  that  no  building  could  be  called  fireproof  unless 
all  material  used  in  it  was  incombustible,  so  the  new  building  was  constructed 
entirely  of  incombustible  materials,  sash,  doors,  and  roof,  with  no  wood. 

It  makes  no  difference  what  the  building  may  be,  or  how  refractory  the  mate- 
rial, if  there  is  sufficient  combustible  matter  present  for  the  fire  to  obtain  a 
footing,  it  will  partially  destroy  the  material,  whatever  it  is.  The  records  of 
the  Baltimore  fire  show  very  well  for  our  ordinary  well-constructed  fireproof 
buildings;  that  is,  metal  frames  and  reasonably  good  clay  materials.  Mr.  Fur- 
ber's  allusion  to  this  reminds  one  of  the  difference  in  the  refractory  qualities 
of  different  clays.  Some  fuse  readily;  for  instance,  those  containing  a  large 
admixture  of  iron  oxide,  or  alkalies.  On  the  contrary,  brick  entirely  silica  or 
nearly  all  silica  has  a  remarkable  resistance.  Concrete  is  coming  largely  into  use, 
but  unfortunately  it  has  not  yet  proved  itself,  under  similar  conditions,  a  better 
fire  resistant  than  clay  tiling.  Our  best  Portland  cement  concretes,  if  heated  to 
1000  degrees  Fahr.,  show  a  material  decrease  in  compressive  strength,  and  when 
temperatures  of  fourteen  or  fifteen  hundred  degrees  are  reached  lose  40  per  cent, 
or  50  per  cent,  of  their  original  compresave  strength ;  consequently  concretes  can- 
not be  classed  as  a  material  of  very  high  fire-resistant  quaUties.  The  experiments 
of  several  independent  observers  confirm  this  considerable  loss  of  strength. 
J.  S.  Dobie  found  that  neat  Portland  cement  briquettes  heated  to  1000  degrees 
Fahr.  and  allowed  to  cool  in  the  air  lost  10  per  cent,  in  weight  and  50  per  cent, 
in  tensile  strength.  If  heated  to  higher  temperatures  and  similarly  cooled,  the 
loss  in  weight  was  10  per  cent,  and  the  loss  in  tensile  strength  80  per  cent.  In 
both  cases  if  plunged  in  water  while  hot,  they  fell  to  pieces.  Johnson  has  shown 
that  Portland  and  natural  cement  briquettes,  both  neat  and  half  and  half  sand 
and  cement,  if  heated  to  a  red  heat,  lose  from  60  per  cent,  to  90  per  cent,  of 
their  original  strength.  These  statements  are  confirmed  by  nmnerous  experi- 
ments made  at  Pencoyd.  The  clay  tiles  in  the  other  form  of  fireproof  construc- 
tion hkewnse  suffer  in  many  cases  to  an  almost  equal  extent,  by  cracking,  breaking 
off  of  edges,  and  in  some  cases  by  partial  fusion.    Both  this  and  concrete  fireproof 
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construction,  though  it  may  retain  its  form  during  the  fire,  if  reached  by  water 
when  still  hot,  will  probably  require  at  least  partial  reconstruction.  Refractory 
qualities  are  not  the  only  essentials  for  a  fireproof  material;  it  should  also  be  a 
poor  conductor  of  heat.  Magnesite  brick,  though  one  of  the  most  refractory 
materials  that  can  be  used  in  furnace  design,  conducts  heat  almost  twice  as 
readily  as  neat  cement,  and  probably  50  per  cent,  better  than  the  proportions 
of  concrete  ordinarily  used.  On  this  accoimt,  though  not  at  present  used  as  a 
fireproofing  material,  it  is  not  perhaps  as  well  suited  for  that  purpose  as  a  less 
refractory  though  poorer  heat-conductnig  material. 

Concrete  construction,  on  accoimt  of  its  low  heat  conductivity  and  the  con- 
siderable thickness  in  which  it  is  used,  is  well  adapted  to  protect  metal  imbedded 
in  it,  even  if  subjected  superficially  to  high  temperatures  for  considerable  periods^ 

The  fact  that  actual  cases  of  fire  in  buildings  of  concrete  cement  construction 
do  not  seem  to  indicate  by  results  any  such  considerable  loss  of  strength  as  is 
shown  by  the  before-mentioned  tests,  is  probably  due  to  the  test  pieces  used 
being  of  small  bulk,  and  on  that  account  being  more  readily  heated  to  a  uni- 
formly high  temperature  throughout,  while  concrete  beams  or  surfaces  in  a 
building  are  large  in  bulk  and  probably  heated  only  on  one  or  two  sides.  The 
facilities  for  radiation  and  the  poor  heat  conductivity  would  thus  retard  the 
passage  of  heat  to  the  interior,  which  would  retain  much  of  its  original  strength. 

It  would  be  a  good  plan  for  the  architect  to  provide  fire  curtains  of  some 
reliable  non-combustible  material  throughout  the  interior,  so  that  in  case  of  fire 
the  burning  area  may  be  confined  and  isolated  from  other  parts  of  the  building. 
All  authorities  agree  that  fire  can  be  more  effectually  prevented  from  spreading 
if  apertiires  are  kept  closed,  thus  preventing  bursts  of  sparks  and  flames.  This 
can]  best  be  effected  by  the  general  use  of  metal  sashes,  fire-doors,  wire-glass, 
etc.,  and  by  the  firemen  while  fighting  the  flames  leaving  as  few  openings  as 
possible  in  commimication  with  the  open  air. 

James  S.  Merritt. — I  want  to  take  exception  to  Mr.  Christie's  statement 
about  concrete.  I  think  the  Home  Building  at  Pittsburg  has  been  brought  into 
the  discussion  this  evening,  and,  if  my  recollection  is  correct,  the  committee  of 
engineers  appointed  to  investigate  that  fire  were  unanimous  in  stating  that  con- 
crete had  stood  the  fire  much  better  than  tile.  Personally,  I  have  seen  tests 
by  the  Building  Department  of  New  York  city  where  cinder  concrete  was  sub- 
jected to  a  temperature  of  over  1700  degrees  for  three  hours  continuously,  and 
was  then  flooded  with  water  from  below.  The  pressure  on  the  hose  was  sixty 
pounds  per  square  inch,  and  was  kept  up  for  five  minutes.  The  floor  tested  was 
quite  uninjured  though  of  cinder  concrete,  so  that  I  do  not  think  that  all  concrete 
deserves  the  bad  name  that  Mr.  Christie  givei?  it. 

Edward  S.  Hutchinson. — I  would  like  lo  a^k  Dr.  Li  litiiHun  wUtii  i&^n 
ture  the  wire-glass  was  subjected  to  in  the  experiment,  the  aiidrt^  £rr 
he  showed  a  few  moments  ago.  / 

Mr.  McDevitt. — Mr.  Chairman,  in  answer  io  ilmU  *he 
writers  made  tests  with  buildings  construc^ie^l  ju^it  tht?  rtmmt : 
showed.     The  first  test  was  a  cord  of  woofi  sft  iiiKbr  J^  n'^indo 
perature  rose  to  1900  degrees  in  half  an  hour;  the  next  t^^t  urtm  I 
of  wood  on  the  inside  of  the  building;  the  tempfnitttn?  torn'  i^  abi^ 
and  it  was  a  very  severe  test — not  quite  as  bad  &a  the  firo  in  f 
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the  frame  and  the  glass  stood  pretty  well.  One  thing  we  observed,  the  heat 
X>enetrated  the  wire  glass  the  same  as  with  ordinary  window-glass.  We  made 
tests  with  a  possibility  of  Igniting  inflammable  material  on  the  inside,  which 
we  found  would  be  the  case.  This  transmission  of  external  heat  has  been  les- 
sened by  the  use  of  a  double  case  frame  with,  say,  two  sashes  and  a  space  between. 
Speaking  of  metal  frames,  in  the  Baltimore  ruins  there  is  a  bank  building,  about 
the  sice  of  our  Franklin  Institute,  with  burned  buildings  all  around  it.  We 
wondered  how  it  escaped,  and  found  that  the  window  frames  and  sash  were 
made  of  steel.  The  glass  was  all  gone,  but  the  windows  were  protected  on  the 
inside  by  steel  shutters.  It  was  a  brick  building  trinuned  with  dark-colored 
stone.  The  roof  was  tile,  on  iron  beams.  Some  of  the  waUs  fell  on  the  roof, 
but,  except  for  that,  the  building  was  saved  from  the  fire.  Here  is  an  example 
of  how  easily  these  skyscrapers  can  be  protected  with  steel  shutters  on  the  inside 
of  the  building.  They  would  not  look  objectionable  and  could  be  closed  from 
the  inside  of  the  building.  The  paint  was  burned  off  the  shutters,  the  glass  of 
course  was  gone,  but  the  steel  sash  and  frames  were  good.  The  rear  of  one  of 
the  buildings  shown,  had  wired  glass  with  metal  frames.  It  stood  a  very  severe 
fire,  but  is  in  pretty  good  shape.  Some  of  the  windows  were  broken,  but  I 
found  on  looking  inside  that  there  was  nothing  there  to  take  fire — it  was  all 
metal  construction.  There  b  no  glass  of  any  kind  that  could  stand  the  tem- 
perature of  that  conflagration.  You  could  not  expect  it.  The  building  of  which 
I  speak  still  stands.  The  inside  steel  shutters  are  still  in  place,  nothing  but 
the  paint  came  off.  These  inside  shutters  apparently  afford  as  much  protection 
as  outside  shutters. 

Walter  Lorino  Webb. — I  want  to  suggest,  by  way  of  expUmation,  the 
cause  of  the  discrepancy  between  the  statement  of  Mr.  Merritt  and  Mr.  Christie. 
Mr.  Merritt  referred  to  cinder  concrete.  Is  it  not  possible  that  the  cinder  con- 
crete, the  matrix  of  which  is  composed  of  fine  particles  which  have  already  been 
«ubjected  to  very  severe  heat,  will  not  be  so  affected  by  fire  or  even  by  the 
severe  treatment  of  throwing  cold  water  on  it,  when  stone  concrete  might  go 
to  pieces?  Of  course,  the  stone  concrete  is  stronger  structurally  and  better  in 
that  respect,  but  I  have  an  idea  that  the  cinder  will  stand  heat  better. 

Mr.  Furber. — The  statement  that  cement  is  a  fireproof  material  can  hardly 
be  upheld  by  chemical  investigation.  When  it  is  realized  that  about  25  per  cent, 
of  water  is  crystallized  in  its  composition,  it  b  obvious  that  intense  heat  will 
drive  thb  water  off  and  thus  dbintegrate  the  mass.  I  have  made  a  number  of 
experiments  on  pieces  of  porous  hollow  clay  tile,  heating  them  to  redness  and 
then  plunging  them  into  water,  and  in  no  instance  did  the  fire-clay  tile  suffer 
apparent  injury.  I  have  also  made  a  number  of  similar  experiments  with  cement 
briquettes  of  var3ring  composition,  and  in  no  instance  did  the  briquettes  fail 
to  dbintegrate,  either  wholly  or  partly,  for  the  chemical  reasons  previously 
mentioned. 

Cement  or  concrete  b  a  slow  conductor  of  heat,  and  for  thb  reason  may  nuike 
a  better  apparent  showing  than  might  be  expected,  but  the  continued  application 
of  heat  must  disintegrate  the  whole  mass. 

Henry  H.  Qui  met. — Mr.  McDevitt  referred  very  briefly  to  an  occurrence 
that  he  declared  was  really  responsible  for  the  spread  of  the  fire  beyond  the 
Hurst  Building.    The  daily  papers  referred  to  it  somewhat  vaguely,  probably 
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because  it  was  not  very  well  understood.  There  must  be  some  facts  of  scientific 
interest  connected  with  it.  It  was  the  explosion  of  smoke  in  the  building.  I 
have  had  occasion  to  make  tests  of  the  ignitibility  of  mixtures  of  gas  and  air.  Gas 
will  not  ignite  without  a  sufficient  admixture  of  oxygen.  Our  illiuninating  gas 
here  requires  to  ignite  it  at  all  as  much  atmospheric  air  as  three  times  its  own 
volume,  and  then  it  ignites  slowly — that  is,  with  very  little  explosive  effect. 
Its  maximum  explosive  quality  is  reached  with  a  little  over  six  times  its  own 
volume,  and  it  will  not  ignite  if  the  percentage  of  gas  in  the  mixture  is  less  than 
7^  or  8,  depending  on  the  composition  of  the  gas.  Probably  in  the  Hurst  Building 
a  hydrocarbon  smoke  was  generated  by  the  fire  that  started  there,  or  a  large 
voliune  of  illuminating  gas  escaped  from  broken  pipes  and  did  not  ignite  imtil 
a  sufficient  percentage  of  air  became  mixed  with  it.  I  think  it  probable  that 
the  destruction  of  the  city  of  St.  Pierre  on  the  island  of  Martinique  was  caused 
by  gas.  I  believe  (though  I  have  not  seen  the  theory  advanced)  that  the  volcano 
had  emitted  a  large  volume  of  gas  which  did  not  take  fire  until  it  had  spread 
far — probably  covered  the  city — and  by  that  time  becoming  mixed  with  sufficient 
atmospheric  air,  ignited  with  explosive  suddenness  and  intense  heat.  It  seems 
to  me  that  this  is  the  only  theory  that  will  account  for  the  phenomenon  of 
the  disaster.  I  think  that  the  admixture  of  gas  and  air  accounts  for  the  explo- 
sions in  conduits  and  manholes  which  have  occurred  recently.  If  we  can  find 
some  means  to  fight  a  fire  while  we  prevent  the  introduction  of  air  into  the 
building  that  is  on  fire,  we  will  lessen  the  danger  of  an  explosion. 

Mr.  McDbvitt. — In  reference  to  that  subject,  the  gentleman  is  right.  These 
explosions  do  not  occur  imtil  the  air  is  admitted.  Admit  the  proportions  of  air, 
combined  \inth  the  gas,  and  that  is  the  time  you  get  the  explosion.  Then  during 
the  fire  we  see  another  collection  of  smoke  which  is  very  thick  and  in  excess 
of  the  proper  proportion  of  oxygen,  then  we  do  not  get  the  explosion.  Generally, 
just  as  soon  as  the  firemen  op>en  the  door,  which  they  have  to  do,  then  the  explo- 
sions occur,  as  there  is  a  sufficient  proportion  of  oxygen  allowed  to  enter  the 
building.  I  suppose  you  are  all  aware  that  smoke  is  escaped  combustible  matter. 
It  vaporizes,  gets  cooled  as  it  rises  from  the  heat,  and  condenses  into  a  cloud 
which  we  call  smoke.  Just  as  soon  as  the  oxygen  is  spread  out  it  then  forms 
a  highly  explosive  mixture.  In  every  case  in  which  explosions  occur,  it  is  at 
the  earliest  stage  of  the  fire,  just  by  opening  the  door  and  allowing  sufficient 
oxygen  to  ascend  and  mix  with  smoke.  Our  firemen  here  generally  try  to  get 
on  the  roof,  break  it  in  and  ventilate  it.  From  tests,  I  find  that  the  slightest 
saturation  of  moisture  will  kill  the  explosive  effect.  If  sprinklers  were  in  the 
building  and  were  opened,  you  would  not  be  apt  to  get  an  explosion. 

Mr.  Schumann. — In  connection  with  the  remarks  of  Mr.  McDevitt,  it  seems 
to  me  that  ventilating  shafts  or  ducts,  leading  from  the  subdivisions  in  a  store 
or  a  building  filled  with  combustibles,  are  an  es:!ieri(  i.il  i-^r  rhc  t^  -  ^  -1*^  gmt^s 
of  combustion.     I  believe  destruction  is  often  dut*  to  «uc)dfla#  *plo- 

sion  of  gases  generated  by  a  fire  and  confined  by  rtik^fin  of  mf 

Mr.  Hutchinson. — Referring  to  the  effect  of  Hmoke  m  i  -ot 

of  an  explosion,  I  had  occasion,  some  years  ago,  U^  \uvmt}f  m 

explosion  in  the  coal  mines  of  the  Southwest  Viri^iiiifl  tm%  -*. 

in  the  Pocahontas  region  of  West  Virginia,  an^l  rim  mfpiill  *' 

the  fine  particles  of  dust  floating  in  the  air,  at^  ^%^U 
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on  the  floor  of  the  mine,  materially  increased  this  force.  The  carbonijMtion  ex- 
tended several  hundred  feet  from  the  initial  point.  While  the  two  instances 
are  not  alike,  yet  it  is  reasonable  to  infer  that  the  very  finely  subdivided  carbon 
of  smoke  is  much  more  readily  ignited  than  mine-dust. 

The  President. — The  fire  in  Baltimore  seems  to  have  been  an  exceptionally 
hot  one,  as  I  understand  that  there  was  absolutely  no  unconsumed  combustible 
material  left  in  the  debris.  It  seems  as  though  most  of  the  buildings  had  been 
heated  to  a  very  high  temperature  before  combustion  began;  after  it  began  it 
was  naturally  very  rapid. 

There  was  an  incident  of  interest,  in  connection  with  some  papers  in  the 
inside  of  a  fireproof  safe.  This  safe  contained,  closely  packed  in  the  pigeon- 
holes,  the  books  of  a  company,  while  in  the  vacant  space  in  front  there  had 
been  placed  a  lot  of  loose  papers  which  were  of  comparatively  little  value, 
and  had  been  hastily  put  in  the  safe  before  it  was  closed.  During  the  fire 
the  safe  had  become  red-hot  on  the  outside.  After  the  safe  had  been  cooled 
with  water  it  was  opened,  and  it  was  found  that  the  things  which  had  been 
closely  packed  in  the  pigeon-holes  were  completely  consumed,  while  the  loose 
papers  in  the  open  space  in  the  front  part  of  the  safe  were  practically  uninjured. 

In  connection  with  the  subject  of  the  source  of  fires,  it  might  be  of  interest 
to  call  attention  to  the  fact  here,  that  a  niunber  of  fires  have  been  started  in 
cleansing  establishments  by  electric  sparks  generated  by  the  friction  of  the 
woolen  materials  and  the  benzine  or  gasoline  in  which  they  were  being  washed. 
These  electric  sparks  are  generated  in  the  same  way  as  when  the  fur  of  a  cat 
is  stroked  by  a  hand.  It  seems  that  when  these  goods  are  raised  out  of  Uie 
tanks  the  friction  of  the  liquid  against  the  fabric  generates  these  sparks,  and 
when  this  occurs  in  the  open  air  above  the  tanks,  ignition  naturally  follows. 

Harrison  Souder. — There  is  one  point  that  has  not  been  touched  upon  in  this 
discussion,  and  that  is  the  value  to  any  city,  of  occasional  boulevards  or  park- 
ways, say  150  feet  wide  or  more,  running  through  and  around  the  city;  pro- 
x-iding  thus  not  only  handsome  driveways,  but  valuable  fire  stops.  These  would 
be  of  great  assistance  in  confining  fires  within  given  districts  and  give  better 
opportunities  for  fighting  them.  Baltimore  realizes  this,  and  is  planning  to 
mden  the  streets  in  the  burned  district.  It  would  seem  that  the  Baltimore 
fire  would  supply  a  strong  argument  in  favor  of  the  boulevards  and  parkways 
which  it  is  proposed  to  pstahlish  here  in  Philadelphia, 
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NEW  STEAM  TURBINE  DEVELOPMENTS. 

W.  L.  R.  EMMET. 
Read  March  19, 1901^ 

Since  previous  papers  and  publications  have  described  the  earlier 
work  on  the  Curtis  turbine,  and  have  given  results  accomplished  by 
the  machines  first  developed,  it  is  undesirable  to  go  into  all  these 
details  again,  and  therefore  the  scope  of  this  paper  is  principally  con- 
fined to  the  work  and  experiences  of  the  past  year. 

A  paper  read  by  the  writer  before  the  American  Philosophical 
Society  in  this  city  last  April  gave  the  results  obtained  from  the  first 
commercial  Curtis  turbine  built  at  Schenectady,  and  described  designs 
of  other  machines  then  in  process  of  development.  This  paper  also 
made  certain  predictions  concerning  the  possibility  of  the  type,  and 
claims  as  to  its  superiority  over  other  engines  and  turbines  which  were 
then  known  to  the  world.  These  claims  and  assertions  called  forth 
some  vigorous  protests  from  Europe,  where  much  active  turbine  work 
was  then  in  progress.  The  results  of  tests,  given  in  the  paper  above 
mentioned,  were  at  the  time  of  their  publication  the  best  record  of  a 
turbine  performance  which  had  been  given  to  the  public  in  America, 
and  this  fact,  in  connection  with  the  complete  practical  success  of  the 
unit  in  question,  justified  all  the  statements  that  were  then  made 
concerning  it  and  the  type  which  it  represented.  Shortly  after  the 
publication  of  this  paper,  test  records  were  published  which  showed 
very  good  results  with  large  European  turbines  of  the  Parsons  type, 
and  which  seemed  to  justify  the  protests  which  had  been  made  against 
our  rather  positive  claims  of  superiority. 

All  the  statements  in  my  paper  of  April,  1903,  referred  to  designs 
which  were  decided  upon  before  the  first  practical  operating  expe- 
rience with  the  commercial  Curtis  turbines  had  been  obtained,  but 
the  commercial  results  accomplished  since  with  the  machines  first  put 
out,  alone  justify  the  claims  made.     After  the  first  commercial 
machines  had  been  experimented  with,  and  when  the  theories  — -*  — 
sibilities  relating  to  their  action  had  been  studied,  we  decidi 
some  radical  changes  of  type  based  upon  new  theories 
ments.    The  first  machines  of  this  new  type  have  just  bee] 
and  put  into  operation.    These  newer  machines  show  v 
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improvements  over  the  first  machines  designed,  and  seem  to  further 
justify  our  most  sanguine  predictions.  The  first  vertical  shaft  tur- 
bines built  by  the  General  Electric  Co.  were  of  600  kw,  1500  kw, 
and  5000  kw  capacities;  and  in  the  matter  of  arrangement  of  stages, 
nozzles,  and  buckets,  were  very  similar  to  the  horizontal  shaft  machines 
originally  built.  In  these  respects  they  were  based  upon  the  ideas 
embodied  in  Mr.  Curtis'  first  conceptions.  The  first  of  these  verticjJ 
shaft  machines  was  put  into  commercial  operation  less  than  a  year  ago, 
and  since  then  about  fifty  have  been  shipped  and  at  least  twenty 
have  been  put  into  service.  In  operating  all  these  machines  there 
has  been  ample  opportunity  to  test  the  practicability  and  value  of 
the  novel  features  which  they  embody. 

The  paper  read  before  the  Philosophical  Society  was  the  first  publica- 
tion concerning  turbines  of  this  vertical  type,  and  it  called  forth  many 
comments  concerning  the  possible  difficulties  of  designs.  These  were 
the  first  machines  of  such  great  weight  to  be  operated  on  vertical 
shafts  at  such  high  speeds.  Vertical  shafts  had  been  used  before 
for  many  purposes,  but  their  use  had  been  under  conditions  where 
the  problem  of  support  and  lubrication  was  very  different.  The 
method  of  governing  and  controlling  valves  was  also  new,  and  the 
method  of  packing  the  shaft,  where  it  passes  out  of  the  turbine  casing, 
was  different  from  anything  which  had  previously  been  used.  The 
generators  also  were  of  new  type,  quite  different  from  an3rthing  which 
had  previously  been  produced.  Ihe  designing  and  starting  of  these 
machines  therefore  presented  a  very  complicated  problem,  and  trouble 
with  some  details  was  reasonably  to  be  expected.  Experience  has 
shown  that,  in  all  essentials,  these  designs  are  practical  and  desirable. 
The  difficulties  encountered  have  been  in  relatively  imimportant 
details  and  from  unexpected  causes. 

The  first  machine  of  this  type  to  be  put  into  service  was  of  500  kw 
capacity  and  was  installed  at  Newport,  R.  I.  Since  its  installation 
two  other  similar  machines  have  been  put  into  the  same  station.  The 
first  of  these  machines  has  been  in  service  since  July,  1903,  and  the 
other  two  have  been  in  service  for  several  months.  The  service  of 
this  station  has  been  carried  by  these  turbines  without  interruption, 
and  the  results  accomplished  by  them  have  been  very  satisfactory. 
Several  troubles  were  discovered  soon  after  starting,  and  much  ex- 
perimenting has  been  done  with  the  owner's  'consent;  this  plant  being, 
by  agreement,  selected  for  this  particular  purpose.  These  experi- 
ments have  led  to  the  circulation  of  reports  of  trouble,  but  in  reality 
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have  not  arisen  from  any  trouble  of  very  serious  character.  The 
first  serious  trouble  encountered  was  with  the  balance  of  the  generator, 
which  had  not  been  very  carefully  considered  before  the  installation 
was  made.    Imperfection  of  balance  gave  trouble  with  the  bearings. 
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Pig.  1. — PiYB  HciTDRED  Kw  CuRTifl  Turbine  at  Newport,    R.  I. 
Effect  of  Superheat  on  Steam  Consumption  (Water  Rate  per 


which  trouble  was  overcome  when  the  balance  wag  imj 
attachment  of  suitable  weights.  The  original  constn 
step-bearing  made  possible  a  certain  degree  of  instabilitj 
under  certain  conditions,  and  changes  of  design  were  a 
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soon  after  the  starting  of  this  machine,  which  have  entirely  overcome 
this  trouble.  The  valves  as  originally  designed  for  this  machine  were 
imperfect  in  certain  respects  and  had  to  be  redesigned,  with  certain 
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changes  of  proportions  in  parts,  but  without  any  change  in  the  general 
character  or  principle  of  action.  For  a  long  time  past  there  has  been 
no  trouble  in  connection  with  the  Newport  installation,  and  there 
are  now  about  fifteen  similar  machines  operating  without  trouble  of 
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any  kind.  There  are  still  improvements  contemplated  in  connection 
with  these  machines  with  a  view  to  reducing  the  labor  of  their 
attendance  and  diminishing  the  possibility  of  interruptions.    It  has 
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been  proved,  however,  that  their  original  designs,  almost  i 
change,  were  practicable  and  advantageous  for  commercial  sery 
short  time  ago  tests  were  conducted  on  these  machines  by 
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Barms  on  behalf  of  the  purchasers,  with  a  view  to  ascertaining  whether 
they  had  met  the  guarantees  of  the  contract.  The  tests  showed  that 
the  contract  guarantees  had  been  met  and  also  showed  many  of  the 
practical  advantages  of  machines  of  this  type. 

The  Following  Report  Gives  the  Results  of  Tests  Made  Upon 
500  Kw  Turbine  Set  Manufactured  by  the  General  Elec- 
tric Company  and  Installed  at  Newport,  R.  I. 

This  set  is  equipped  with  a  60  cycle  2300  volts  generator  and  is  used 
for  a  supply  of  current  for  lighting  and  railway  purposes;  the  railway 
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Fig.  4. — Commercial  Rcn — 500  Kw  Turbinb  at  Newport,  R.  I. 


work  being  the  most  important  part  of  the  load.  The  tests  were 
conducted  by  George  H.  Barrus,  of  Boston,  who  represented  the 
owners,  the  Massachusetts  Electric  Co.,  and  Mr.  Richard  H.  Rice, 
recently  of  Rice  &  Sargent,  and  A.  R.  Dodge,  who  represented  the 
General  Electric  Co.  Tests  were  made  and  water  rates  measured 
with  various  conditions  of  fixed  load  with  and  without  superheat, 
as  shown  by  the  curves  (Figs.  1,  2,  and  3).  Tests  were  also  made 
with  such  commercial  loads  as  are  daily  experienced  in  this  plant,  and 
the  steam  consumption  per  kilowatt  hour  under  working  conditions 
was  ascertained    by  the  most  careful  determinations  of   the   total 
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water  condensed,  and  the  load  as  measured  by  many  instruments  and 
as  recorded  by  carefully  checked  recording  wattmeters. 

Attention  is  specially  called  to  the  records  of  operation  under  com- 
mercial load,  since  they  illustrate  the  great  practical  advantage  afforded 
by  apparatus  of  this  kind.  The  character  of  the  load  during  these 
tests  is  shown  by  diagrams  Figs.  4,  5,  and  6,  which  indicate  inces- 
sant fluctuations,  with  an  average  sudden  variation  of  about  100 
kw,  and  with  an  average  load  of  only  253  kw  in  one  case  and  421 
in  another.  In  the  former  case  the  average  steam  consumption  per 
kilowatt  hour  was  only  22.38  pounds.  It  can  be  positively  asserted 
that  the  best  steam  engines  now  used  for  such  purposes,  in  this  country, 
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Fio.  5. — CoMMKRCiAf.  Rux — 500  Kw  Curtis  Turbinb  at  Xkwport,  R.  I. 

would  consume  at  least  28  pounds  of  steam  per  kilowatt  hour  under 
such  load  conditions,  and  in  most  cases  the  consumption  would  b(» 
considerably  larger.  The  consumption  of  20.73  pounds  per  kilowatt 
hour  with  an  average  of  421  kw  of  such  variable  load,  is  also  a  ver>' 
fine  performance. 

In  considering  these  results,  it  should  also  be  bonie  in  ml 
the  plant  which  gives  these  results  possesses  many  other 
advantages  which  conduce  to  economy.     All  the  condensed 
this  plant,  since  it  originally  started,  has  been  returned  di 
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the  boilers,  and  the  boilers  are,  consequently,  at  the  present  time  in 
a  perfectly  clean  condition,  although  the  natural  wat>er-supply  of 
Newport  is  bad.  During  all  this  time  no  oil  has  passed  into  the  boilers 
nor  been  wasted ;  it  is  simply  circulated  and  used  over  and  over  again. 
The  absence  of  air  leakage  in  the  turbine,  and  the  absence  of  air  in 
the  feed  water,  greatly  simplify  the  maintenance  of  a  good  vacuum, 


Fio.  6. — Rrcording  Taihombter  Chart,  Showing  Speed  Regulation  with  Commercial 
Loads.     Five  Hundred  Kw  Turbine  at  Newport,  R.  I. 


which,  of  course,  contributes  to  these  excellent  practical  results. 
The  whole  arrangement  of  this  plant  is  compact,  simple,  and  easy  of 
maintenance,  and  the  results  are  representative  of  those  which  can 
be  obtained  anywhere  from  such  apparatus  where  the  water  for  con- 
densation is  available. 
These  results  were  obtained  from  the  first  of  our  commercial  turbines. 
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and  we  exf)ect  in  future  work  to  great h'  exceed  the  degree  of  economy 
here  shown.  Since  the  design  of  this  machine  our  turbines  have  been 
greatly  changed  and  improved,  and  these  results  should  not  be  con- 
sidered as  representative  of  the  type.  It  is  questionable,  however, 
whether  practical  results  under  service  conditions  as  good  as  these 
can  be  shown  by  other  existing  engines  or  turbines,  although  less 
water  consumption  may  be  shov\Ti  under  certain  conditions  of  load. 

SUMMARY  OF  COMMERCIAL  RUNS  OF  JANUARY  15th  and  26th,  1904. 

January  15,  1904.  January  26,  1904. 

Duration, 12  hours  15  hours 

Total  coal  (wet),    13,517  pounds  10,205  pounds 

Moisture  in  coal, 3.1  per  cent.  5.5  per  cent. 

Water  evaporated, 127,267  pounds  104,026  pounds 

Drip  withdrawn  from  steam  pij^e  per 

hour, 46  pounds 

Moisture  by  calorimeter, 3.05  per  cent.  2.1  per  cent. 

Total  steam  to  turbine, 108,100  pounds  86,833  pounds 

Steam  per  hour  to  turbine, 9008.5    pounds  5769  }X)unds 

Dry  steam  per  hour  to  turbine, 8733.8    jjounds  5667  pounds 

Load  by  polyphase  meter, 406.4    kw.  234.7    kw. 

Load  on  auxiliaries  (average), 14.9    kw.  18.5    kw. 

Total  load  (average), 421.3    kw.  253.2    kw. 

Dry  steam  per  kw  hour, 20.73  pounds  22.38  pounds 

Dry  coal  per  kw  hour, 2.67  pounds  2.54  pounds 

In  October,  1903,  the  first  5000  kw  turbine  was  installed  in  the  new- 
plant  of  the  Chicago  Edison  Company.  This  machine  was  put  into 
commercial  service  soon  after  its  installation,  and  since  that  time  tw^o 
others  have  been  installed.  The  first  machine  has  been  in  commercial 
service  daily  since  its  original  starting,  and  the  second  machine  has 
been  in  service  for  several  months  past.  Neither  of  them  has  been 
subject  to  any  interruptions  of  service  through  its  owti  defects,  and 
for  some  time  past  they  have  both  operated  almost  continuously. 
They  have,  on  some  occasions,  been  kept  under  load  for  five  days 
without  stopping.  In  many  cases  they  havr  n)M*mU'<l  with  i^vtucur 
overloads  and  have  regularly  been  dependrd  ujiou  Ihn^ 
winter.  Several  unforeseen  troubles  have  hi^vn  fX|K^rienof 
machines  also.     The  valves,  as  originally  <lisi^iu>d,  Ii^ 


—i     r 


replaced  by  valves  of  such  improved  constnit-tion  u« 
without  loss  of  time  or  interruption  of  sen  ict.'. 
valves  has,  however,   caused   no  stoppage's,  ^jtif^ 
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governing  is  such  that  each  valve  of)erates  independently,  so  that 
the  failure  of  one  simply  serves  to  throw  the  work  on  to  the  next  in 
order. 

There  have  also  been  in  Chicago  certain  unexpected  movements  of 
wheels,  through  variations  of  temperature,  w^hich  have  made  necessar>' 
certain  adjustments  which  were  not  orignally  intended.  The  fact 
that  machines  have  been  required  for  daily  service  has  made  it  im- 
possible to  correct  the  cause  of  these  difficulties  and  has  occasioned 
a  little  inconvenience  in  handling  them.  No  trouble  has  arisen  in 
connection  with  these,  or  other  machines,  which  is  not  readily 
curable  and  which  cannot  be  avoided  in  all  future  machines,  and  none 
of  the  troubles  has  been  of  sufficient  magnitude  to  interrupt  the  con- 
tinuity of  service  or  appreciably  impair  the  efficiency  of  action. 

The  machines  in  Chicago  operate  with  wonderful  steadiness  and 
freedom  from  vibration  under  all  conditions  of  load.  The  generators 
are  cool  and  have  given  no  trouble  whatever.  The  electrical  regula- 
tion is  good  and  the  speed  control  has  always  been  perfect,  in  spite 
of  the  difficulties  with  valves  above  mentioned.  The  machines  have 
repeatedly  been  subjected  to  sudden  accessions  of  heav>'  load,  in  cases 
of  accidents  with  other  apparatus,  and  have  repeatedly  been  called 
upon  to  operate  non-condensing  without  interruption  of  ser\ice, 
through  some  failure  of  the  condensing  facilities.  In  all  such  cases 
they  have  successfully  performed  the  duty  for  which  they  were  de- 
signed. The  stei>-bearings  have  never  given  any  trouble  from  the 
time  the  plant  was  started.  Some  changes  are  still  contemplatcxi  in 
connection  with  these  machines  and  they  will  be  applied  when  any 
of  the  machines  can  be  spared  from  regular  service.  These  changes 
are  not  of  an  important  character  and  it  is  expected  that  they  will 
overcome  the  small  inconveniences  which  remain.  No  official  tests 
of  the  Chicago  units  have  ever  been  made,  and  no  accurate  knowledge 
concerning  their  steam  consumption  is  possessed.  Tests  were  begun 
at  one  time,  but  a  large  and  variable  leakage*  in  the  condenser  made  it 
impossible  to  weigh  water,  and  testing  was  postponed  on  account  of 
the  late  season,  which  made  it  necessar}-  to  keep  the  machine  in  com- 
mercial service.  The  facilities  for  shipment  limit  the  diameter  of  a 
5000  kw  machine  of  the  Chicago  type,  and  it  is  therefore  designed 
for  a  lower  peripheral  velocity  than  other  machines  of  the  kind.  It 
was  guaranteed  to  give  about  the  same  steam  economy  as  the  machine 
at  Ne^^^^ort,  and  it  is  probable  that  it  gives  a  ver\'  similar  result. 
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As  has  been  said  the  development  of  our  ideas  led  us  to  adopt  new 
principles  of  turbine  designs  before  the  machines  above  mentioned  were 
put  into  service,  and  it  is  only  ver}-  recently  that  the  first  machine  of 
this  new  type  has  been  run  and  tested.  These  new  condensing  tur- 
bines, which  have  been  designed  within  the  past  year,  are  still  of  the 
vertical  shaft  type  but  have  four  stages,  while  the  machines  above  men- 
tioned have  only  two.  In  each  of  these  four  stages  there  is  a  cast-steel 
wheel  carr}'ing  at  its  outer  edge  two  rows  of  buckets;  the  stages  being 
separated  by  diaphragms  which  form  separate  compartments,  and 
which  are  so  shaped  as  to  bear  the  pressure  of  steam  to  which  they 
are  subjected.  In  these  diaphragms,  or  attached  to  them,  are  sets  of 
nozzles  which  deliver  the  steam  to  the  wheel  of  the  succeeding  stage, 
the  number  and  size  of  these  nozzles,  and  the  portion  of  the  circle 
which  they  cover,  increasing  from  stage  to  stage  as  the  steam  expands. 
The  wheels  of  these  machines  are  of  extremely  simple  construction 
and  the  attachment  of  buckets  is  simple  and  strong.  They  are  oper- 
ated with  ample  clearances  and  no  adjustment  whatever  is  required 
in  their  operation  under  any  conditions.  The  machines  can  be 
started  immediately  without  preliminary  heating,  and  require  no 
adjustments  with  changes  of  temperature,  load  or  vacuum.  These 
new  machines  are  governed  solely  by  the  original  admission  of  steam; 
the  number  of  first  stage  nozzles  in  flow  being  controlled  by  the  gov- 
ernor, and  always  kept  proportional  to  the  load.  The  stationary 
buckets  in  these  machines  project  from  heavy  strips  of  metal  fitted 
in  slots  and  firmly  held  to  the  stationary  part  by  heav>^  bolts  from  the 
outside.  The  construction  is  such  that  the  injury  through  accidental 
interference  between  the  moving  and  stationar>^  parts  is  very  small, 
no  distortion  or  warping  being  possible.  The  construction  of  the 
machine,  however,  and  the  ample  clearance,  make  it  easy  to  avoid 
such  touching  altogether,  even  where  machines  are  started  for  the 
first  time. 

We  have  recently  tested  a  2000  kw  machine  of  our  new  four-stage 
type  imder  the  conditions  of  vacuum  and  siiprrhrai  ittTurtk^cl  In  uur 
Schenectady  power  station.    These  tests  havi*  not  yet  buen    ' 
far  enough  to  fully  analyze  the  possibilities  of  \\m  maf:hln*» 
best  adjustment  of  shell  pressures  and  all  othf^r  cundiliona.  • 
have,  however,  shown  remarkably  fine  steam  o<  uiiomy,  ifl| 
able  that  still  better  results  will  be  produced  wii  iiiu  h  ^hol^ 
results  and  conditions  of  some  of  these  tests  an  a.^ 
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I     February. 
23d.        25th. 


March. 


nth. 


12tb. 


1 


Load  In  kilo WM If* 1750         2400  1740 

Rerulutioiis  per  iiiiuute, !  760  i    760  750 

GAug«preMure, !  140.5  i    JA6.5  i    155 

Saperheat.  K., '  200  ,    239  ,    202 

Inches  of  vacuum 28.5  ,      28.5  ,      28.73 

Pounds  of  water  per  kilowatt 

hour, 14.2         13.^  15.30 


4 

5 

2210 

2760 

750 

750 

160 

160 

212 

1»2 

28.50 

28.35 

15.20 

16.20 

637 

1000 

20OO 

750 

750 

750 

150 

160 

160 

215 

242 

242 

28.2 

28,9 

28  78 

16.30        15  30 


After  the  first  two  tests  here  reported,  a  change  in  the  arrangement 
of  the  machine  was  made,  and  this  change  produced  an  unforeseen 
condition,  which  we  think  was  very  disadvantageous  to  the  machine. 
All  the  tests  given  were  made  with  the  best  facilities  for  long  periods 
with  perfectly  fixed  conditions,  and  we  have  ever>'  reason  to  believe 
that  all  are  nearly  correct.  The  tests  made  under  the  second  condi- 
tion were  witnessed  by  many  prominent  engineers,  and  all  the  con- 
ditions were  accurately  verified.  It  seems  to  be  quite  certain  that 
the  best  arrangement  of  the  machine  will  give  a  result  better  than 
any  that  has  been  obtained.  While  these  tests  do  not  give  a  complete 
and  conclusive  record  of  the  possibilities  of  this  machine  under  all 
conditions,  they  certainly  demonstrate  that  its  steam  economy  is 
superior  to  that  of  most  engines  or  turbines  which  are  available  for 
similar  purposes. 

Satisfactory'  tests,  without  superheat,  have  not  yet  been  made 
upon  this  machine.  The  indications  of  such  tests  as  have  been  made 
are  that  the  improvement  with  superheat  is  very  large,  and  that  in 
this  respect  the  functioning  of  the  machine  is  ver\'  similar  to  that  of 
the  Parsons  turbines,  which  show  more  benefit  from  superheat  than 
the  earlier  turbines  of  the  Curtis  type.  The  use  of  high  degrees  of 
superheat  has  been  considered  commercially  desirable  in  connection 
with  the  Parsons  turbines,  and  the  indications  are  that  the  same 
reasoning  applies  to  machines  of  this  type. 

Th(*se  machines  are  designed  to  operate  with  superheat,  without  any 
mechanical  difficulty,  and  it  is  probable  that  future  steam  plants 
designed  for  the  use  of  such  apparatus  will  use  high  steam  temperatures. 
In  the  course  of  tests  with  experimental  turbines  Mr.  A.  R.  Dodge, 
of  Schenectady,  has  obser\'ed  certain  conditions  which  indicate  serious 
errors  in  the  ideas  previously  accepted  concerning  the  specific  heat 
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of  superheated  steam,  and  these  observations  have  led  us  to  make 
investigations  of  this  matter..  By  delivering  superheated^  steam  to  a 
turbine  fitted  with  a  water  brake  w^e  can,  at  will,  vary  the  amount 
of  work  extracted  from  the  steam,  until  the  exhaust  is  brought  to  a 
saturated  condition.  If  we  know  accurately  the  temperature  and 
weight  of  exhaust  steam,  and  the  temperature  and  pressure  of  the 
steam  admitted,  and  have  an  exact  measure  of  the  work  extracted 
from  the  steam,  and  of  the  heat  radiated,  we  have  in  our  possession 
all  data  necessar>'  to  calculate  the  total  heat  of  steam  admitted.  This 
method  of  test  is  subject  to  certain  difficulties  and  inaccuracies,  but  has 
the  advantage  that  it  can  be  carried  on  on  a  considerable  scale  with 
large  flows  and  steadily  maintained  conditions.  We  have  made  such 
tests  with  different  degrees  of  superheat,  and  have  checked  approxi- 
mately some  of  our  results  by  other  methods  of  investigation.  The 
result  of  these  tests  indicates  that  the  specific  heat  of  superheated 
steam  under  the  conditions  ordinarily  used  is  much  greater  than  has 
generally  been  supposed.  The  idea  generally  accepted,  until  quite  re- 
cently, has  been  that  the  specific  heat  of  superheated  steam  under  all 
conditions  was  0.48.     Our  investigations  indicate  the  following  figures : 

VALUES  OF  Cp  AT  155  POUNDS  ABSOLUTE. 

(Cp  being  the  average  of  specific  heat  up  to  these  temperatures;   not  the  heat 

required  for  a  rise  of  1°  at  these  temperatures.) 

SUPKRHEAT.  Cp. 

0°  F.  0.52 

100°  F.  0.65 

150°  F.  0.7 

200°  F.  0.74 

250°  F.  0.77 

It  is  probable  that  our  investigations  on  this  subject  will  be  carried  fur- 
ther, and  that  Mr.  Dodge  will  publish  fuller  and  more  accurate  figures. 
Since  this  work  was  done,  ver\"  similar  figures  have  been  arrived  at 
independently  and  by  different  methods  in  England  and  in  Germany. 
The  design  of  steam  turbines  is  susceptible  of  many  variations  in 
mechanical  arrangement  and  steam  action.  It  is  probable,  however, 
that  the  four-stage  machine  here  described  will  hol-i  n>  nw 
all  competing  engines  for  some  time  to  come,  ami  that 
extensivelv  used. 


The  President  then  announced  the  papc^r  open  for 


/ 
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in  reply  to  questions  from  members  and  visitors  Mr.  Emmet  explained 
as  follows :  . 

This  type  of  turbine  is  adapted  to  operation  between  any  pressure 
limits,  and  the  work  obtained  will  generally  van'  in  approximate 
proportion  to  the  variable  energy  in  the  steam. 

The  wear  of  buckets,  as  determined  by  experience  with  existing 
machines  and  by  experiment,  is  so  small  as  to  indicate  inappreciable 
expense  in  maintenance.  The  appreciable  wear  is  confined  to  parts 
which  are  in  continuous  contact  wdth  steam  having  a  high  density  and 
high  velocity,  and  these  parts  are  small,  inexpensive,  and  easily  re- 
placed. The  first  set  of  stationary  buckets  is  subject  to  more  wear 
than  any  other  part.  In  a  500  kw  machine  this  part  should  wear  at 
least  two  years  and  should  not  cost  more  than  $25. 

All  of  these  turbines  have  been  designed  for  electrical  purposes  and 
for  operation  at  a  fixed  speed ;  the  design  being  made  with  a  view  to 
accomplishing  the  highest  attainable  economy  at  this  speed.  The 
machines  will,  however,  operate  at  other  speeds  higher  or  lower,  and 
will  give  a  fairly  good  economy  through  a  considerable  range  of 
speed.  I  cannot,  from  memory,  give  specific  data  on  this  subject. 
Such  machines  give  a  large  torque  at  low  speeds,  but  there  is,  of  course, 
a  very  rapid  reduction  of  efficiency  as  the  speed  is  reduced.  The 
normal  speeds  of  some  of  the  machines  which  I  have  mentioned  are 
as  follows:  5000  kw,  500  r.p.m.;  2000  kw,  750  r.p.m.;  1500  kw, 
900  r.p.m.;  500  kw,  1800  r.p.m.  All  of  these  speeds  are  fixed  by 
the  frequency  of  the  alternators  which  they  drive. 

All  of  the  machines,  which  have  been  described,  are  designed  for 
operation  with  condensers.  They  all  are  suitable  for  use  non-con- 
densing, and  it  may  be  roughly  estimated  that  their  steam  consump- 
tion non-condensing  would  be  about  twice  as  great  as  it  would  be 
with  a  good  vacuum.  It  is  hoped  that  better  non-condensing  results 
can  be  obtained  with  designs  made  particularly  for  that  purpose. 

When  these  machines  are  operated  with  superheat,  the  bearings 
are  in  no  way  affected  by  the  high  temperature;  the  bearings  being 
entirely  external  to  the  turbine. 

The  relative  economy  of  one  of  these  turbines  and  a  Corliss  engine 
may  be  judged  by  the  steam  consumption  figures  which  have  been 
given.  Much  of  the  advantage  of  the  turbine  in  this  respect  arises 
from  the  high  degree  of  expansion  Avhich  can  be  provided  for  in  its 
design.  Under  conditions  which  are  ordinarily  practicable,  I  think 
that  the  turbines,  even  in  their  present  state  of  development,  are 
ver>'  decidedly  suix^rior  to  Corliss  engines. 
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There  is  no  appreciable  change  in  speed  of  turbine  when  the  machine 
passes  from  a  condensing  to  a  non-condensing  condition.  To  operate 
with  the  same  load  non-condensing,  it  must  open  more  admission 
valves;  consequently  the  range  of  speed  would  be  slightly  greater. 
As  our  machines  have  generally  been  built,  the  maximum  variation 
of  speed  non-condensing  would  not  exceed  3  per  cent. 

The  pressure  required  in  step-bearing  of  5000  kw  machine  is  about 
1000  pounds  per  square  inch,  and  that  in  500  kw  machine  is  about 
200  pounds  per  square  inch. 

The  clearance  between  moving  and  stationary  parts  in  the  four- 
stage  machine,  which  has  been  described,  is  about  0.05  of  an  inch. 
A  less  clearance  would  be  practicable,  but  would  be  of  very  little 
advantage. 

The  effect  of  wear  upon  the  step-bearing  is  to  gradually  lower  the 
revolving  part.  In  the  500  kw  machines  with  which  Ave  have  ex- 
perimented, the  lowering,  after  the  lubricant  had  been  stopped,  went 
on  at  the  rate  of  about  0.01  of  an  inch  per  minute.  In  no  case  has 
any  damage  been  done  through  the  failure  of  the  step-bearing  except 
the  wear  on  the  blocks  themselves,  which  involves  inappreciable 
expense.  As  a  rule,  it  is  not  necessary  even  to  re-surface  the  step- 
bearing  blocks  after  a  stoppage  has  occurred.  They  tend  to  wear  to 
a  proper  engagement,  and  if  they  do  not,  they  can  generally  be  made 
to  do  so  by  successive  short  interruptions  of  the  oil  pressure.  In 
properly  arranged  installations,  troubles  of  this  kind  can  easily  be 
avoided,  and  this  should,  of  course,  be  done  if  possible.  Weighted 
accumulators,  as  a  reserve  on  the  pumping  system,  are  ver>'  desirable 
in  this  connection. 

The  effect  of  rubbing,  between  the  moving  and  stationary'  parts  of 
these  machines,  causes  surfaces  to  wear  away  gradually,  but  does  not 
cause  the  rapid  injury-  which  might  be  expected.  In  many  cases, 
through  improper  arrangements  or  inaccuracy  of  work,  we  have  had 
serious  and  repeated  rubbing,  but  in  no  case  has  this  put  a  machine 
out  of  service  or  caused  any  serious  injury  to  it. 

The  smallest  machine  which  we  have  built  is  ui    I]   kw  faiiaijit.v. 
designed  to  run  an  electric  headlight  on  a  locrnnittive,     It^ 
5000  revolutions  per  minute. 

The  packing  around  the  shaft,  whore  it  pa^sf«^  frfrni 
ment  into  the  next,  in  our  existing  turbines,  siniply  vnn 
sleeve  which  gives  a  considerable  clearance  arrruiul 
free  to  center  itself.     The  pressure  tends  to  hnhl  tliii 
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position  to  which  the  shaft  may  force  it.  Since  the  sleeves  are  in- 
accessible, considerable  clearance  is  used,  that  there  will  be  no  risk 
of  cutting.  There  is,  of  course,  a  loss  through  the  leakage  of  steam 
past  these  sleeves.  This  loss  is,  however,  not  ver\'  great.  We  have 
used  successful  packings  which  give  much  less  leakage,  and  they  may  be 
regularly  adopted  in  future. 

There  is  no  lubricant  of  any  kind  used  in  connection  with  these 
packings,  and  since  the  bearings  are  external  to  the  turbine  base, 
there  is  no  means  by  which  oil  can  get  into  the  steam.  This  is  one  of 
the  greatest  advantages  of  our  turbine,  and  is  an  advantage  w^hich 
has  not  been  fully  realized  in  turbines  of  other  makes.  In  most  of 
the  plants  which  we  have  installed,  water  is  being  returned  directly 
from  the  hot-well  to  the  boilers,  and  there  is  no  waste  of  water  or 
accumulation  of  dirt  or  scale  in  the  boilers. 

Mr.  Curtis  has  made  arrangements  for  reversing  turbines  of  this 
type  by  using  a  separate  set  of  buckets  on  the  same  wheel  designed 
to  receive  steam  from  an  opposite  direction.  These  reversing  buckets 
would  ordinarily  be  applied  to  the  wheels  which  operated  in  the 
vacuum  space,  so  that  in  reversing,  the  machine  would  operate  as  a 
single-stage  condensing  machine. 

The  driving  power  of  the  turbine  is  confined  to  the  buckets  which 
come  opposite  to  the  nozzles  which  are  in  flow,  and  these  nozzles 
occupy  only  a  portion  of  the  circumference,  except  in  the  last  stage, 
where  they  generally  occupy  all  or  nearly  all  of  the  circumference. 
There  is  no  unbalancing  of  the  wheels  caused  by  the  deliver\'  of  steam 
to  one  segment  at  a  time. 

The  steam  required  to  drive  auxiliaries  will  depend  upon  local  con- 
ditions. In  the  5000  kw  installation  at  Chicago,  all  of  the  auxiliaries 
are  driven  by  a  single-cylinder  Corliss  engine,  and  this  engine 
delivers  70  indicated  horse-power  when  the  5000  kw^  machine  is  run- 
ning at  full  load. 

I  cannot  give  any  definite  statement  as  to  the  degree  of  superheat 
which  may  be  economical.  I  am  inclined  to  think  that  where  super- 
heat is  j)rovided  by  increase<l  heating  surface  in  the  boiler,  it  will  be 
found  economical  to  use  considerable  degrees  of  superheat,  possibly 
150.  I  will  have  much  more  information  on  this  subject  within  a 
short  time,  and  would  rather  not  express  a  positive  opinion  at  present. 
EveV\'  turbine  shows  a  different  degree  of  impn)vement  by  superheat. 
In  some  machines  the  advantage  is  undoubtedly  small,  while  in  others 
it  is  certainly  ver>'  great. 
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We  have  built  a  ven-  successful  direct-current  machine  for  our  500 
kw  turbine,  which  operates  at  1800  revolutions  per  minute.  This 
machine  is  of  a  very  radical  type  and  its  success  shows  the  possibility 
of  much  other  work  in  the  same  direction.  I  cannot  say  just  what 
the  possibilities  are,  but  I  am  inclined  to  think  that  we  can  successfully 
apply  direct  current  machines  to  most  of  the  turbines  which  we  have 
built  for  alternating  work,  and  that  the  results  from  these  machines 
wiU  be  very  satisfactory-. 
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ABSTRACT  OF  MINUTES  OF  THE  CLUB. 


Regular  Meeting,  January  2,  1904. — President  Mwin  F.  Smith  in  the 
chair.     Eighty  members  and  visitors  present. 

Announcement  was  made  that  Mr.  John  T.  Loomis  had  been  appointed  by 
the  Board  of  Directors  to  fill  the  unexpired  term  of  Mr.  D.  A.  Hegarty,  who 
resigned  from  the  Board  on  accomit  of  hLs  removal  to  New  York. 

Professor  Edgar  Marburg  opened  a  topical  discussion  on  "Concrete:  Its 
Properties  and  Applications,"  followed  by  Messrs.  Charles  M.  Mills  and  Henry 
H.  Quimby.  Communicated  discussions  were  presented  from  Messrs.  Georpe 
S.  Webster  and  Charles  H.  Umstead,  the  one  from  the  latter  not  being  read 
becaase  of  the  lateness  of  the  hour,  but  was  referred  to  the  Publication  Com- 
mittee for  printing. 

Axxi'AL  Meeting,  January  16,  1904. — President  Edwin  F.  Smith  in  the 
chair.     Eighty  members  and  visitors  present. 

The  annual  report  of  the  Board  of  Directors  and  that  of  the  Treasurer  were 
presented,  accepted,  and  ordered  to  be  filed. 

The  Treasurer  reported  the  names  of  three  active  members  dropped  from 
the  roUs  for  arrears  in  dues  to  the  Club. 

Mr.  Kdwin  F.  Smith,  retiring  President,  read  the  annual  address,  giving  a 
brief  rfeum^  of  the  progress  of  the  Club  during  the  past  year  and  "  Some  Eariy 
Engineering  Works  in  Pennsylvania." 

The  Tellers  reported  the  election  of  the  following  officers  for  1904:  President, 
Carl  Hering;  Vice-President,  Thos.  C.  McBride;  Secretary,  J.  O.  Clarke;  Treas- 
urer, Geo.  T.  G William;  Directors,  George  C.  Davis,  Washington  Devereux, 
and  Wm.  Easby,  Jr. 

The  new  President,  Mr.  Carl  Hering,  called  attention  to  the  growth  in  at- 
tendance at  Club  meetings  and  the  necessity  for  more  room. 

Regular  Meeting,  February'  6,  1904. — President  Carl  Hering  in  the  chair. 
One  hundred  and  two  members  and  visitors  present. 

Mr.  Jolm  M.  Hartman  presented  a  paper  entitled  "  How  to  Bum  Bituminous 
Coal  Properly."  The  subject  was  discussed  by  Messrs.  Christie,  Perrot, 
Nichols,  and  Bright. 

Business  Meeting,  February  20,  1904. — President  Carl  Hering  in  the  chair. 
One  hundred  and  forty-six  meml>ers  and  visitors  present. 

Mr.  Emile  G.  Perrot  presented  a  paper  on  "  Reinforced  Concrete  in  Build^ig 
Construction." 

The  Tellers  reported  the  election  of  Messrs.  Frank  E.  Hahn  and  F.  H.  Stier 
to  active  membership,  Messrs.  Stanley  G.  Child,  St.  G.  H.  Cooke,  Thorsten  Y. 
Olsen,  and  Samuel  P.  Yeo  to  junior  meml>ership,  and  Messrs.  C.  W.  E<lmonds 
and  B.  H.  Tripp  to  associate  membership. 
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Regular  Meeting,  March  5,  1904. — President  Carl  Hering  in  the  chair. 
One  hundred  members  and  visitors  present. 

Dr.  Henry  LefFmann  opened  a  topical  discussion  on  "Conflagrations  in  Cities," 
which  was  participated  in  by  Messrs.  William  McDevitt,  Furber,  James  Christie, 
Comfort,  Quimby,  Schumann,  and  others. 

Business  Meeting,  March  19,  1904. — President  Carl  Hering  in  the  chair. 
One  hundred  and  fifty-five  members  and  visitors  present. 

Announcement  was  made  that  the  American  Society  of  Civil  Engineers  ex- 
tended an  invitation  to  the  members  of  the  Club  to  avail  themselves  of  the  con- 
veniences to  be  provided  by  that  Society  at  the  St.  Louis  Exposition. 

Mr.  W.  L.  R.  Emmet,  visitor,  presented  a  paper  on  "  Recent  Turbine  Devel- 
opments.*' 

The  Tellers  reported  the  election  of  Messrs.  Frederick  Conlin,  Robert  C 
Hill,  James  Beach  Ladd,  Edward  S.  Morrell,  John  Albert  Vogleson,  and  John 
William  Wright  to  active  membership,  and  Thoma*<  Norris  Box  to  junior  mem- 
bership. 
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Special  Meeting,  January  2,  1904. — Present:  President  Edwin  F.  Smith, 
Vice-Presidents  Comfort  and  Foster,  Directors  Myers,  McBride,  Riegner,  Leiper, 
Bonner,  and  Loomis,  the  Secretary  and  the  Trea*«urer. 

The  Treasurer's  report  showed: 

Balance,  November  30,  1903, $748.79 

December  receipts, 1299.84 

$2048.63 
December  disbursements, 736.03 

Balance,  December  31,  1903, $1312.60 

The  report  of  the  Executive  Committee  was  accepted  and  ordered  printed. 

The  Janitor's  salary  was  advanced  from  $45  to  $47.50  per  month,  dating 
from  January  1,  1904. 

Mr.  I.  W.  Hubbard  was  made  a  regular  teller  to  fill  the  place  made  vacant 
by  Mr.  John  T.  Loomis. 

Regular  Meeting,  January  16,  1904. — Present:  President  Edwin  F.  Smith, 
Vice-President  Comfort,  Directors  Riegner,  McBride,  Bonner,  Leiper,  Loomis, 
the  Secretary  and  the  Treasurer. 

A  letter  from  the  Girard  Estate  explained  the  necessity  of  increasing  the 
rental  of  the  house  $161.00  on  account  of  increased  tax  rate,  to  take  effect  upon 
the  termination  of  the  present  lease,  June  30,  1904,  thus  making  the  total  renta 
$1261.00  per  year. 
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Letters  of  resignation  from  the  following  were  presented  and  acceptetl: 
Messrs.  John  Oveni,  Conway  B.  Hunt,  John  C.  Nowell,  John  DeGray,  W.  L. 
Wright,  Elmo  (5.  Harris,  and  D.  J.  Matlack. 

Organization  Meeting,  January  23,  1904. — Present:  President  Carl  Her- 
ing,  Vice-Presidents  Foster  and  McBride,  Directors  Leiper,  Loomis,  Davis. 
Devereux,  and  P^sby,  the  Secretary'  and  the  Treasurer. 

The  President  announced  the  appointment  of  the  following  committees: 
Finance,  Messrs.  Horatio  A.  Foster,  James  B.  Bonner,  George  C.  Davis;  Men  hej- 
ahip,  Messrs.  James  B.  Bonner,  Horatio  A.  Faster,  Wm.  Easby,  Jr.;  Puhtua- 
tion,  Messrs.  Wm.  t^sby,  Jr.,  Thos.  C.  McBride,  James  B.  Bonner;  Lihraiy^ 
Messrs.  Geo.  Neville  Leiper,  Washington  Devereux,  George  C.  Davis;  Injinrma- 
tion,  Messrs.  Thos.  C.  McBride,  Wm.  Easby,  Jr.,  John  T.  Loomis;  House,  Messrs. 
John  T.  LoomLs,  Geo.  Neville  Leiper,  Washington  Devereux. 

Mr.  Edwin  F.  Smith  was  appointed  a  meml>er  of  the  Committee  on  Relations 
of  the  Engineering  Profession  to  the  Public,  to  take  the  place  made  vacant  by 
Mr.  Hering. 

The  Tellers  of  Election  were  appointed  as  follows:  William  E.  Bradley, 
(  hairman;  I.  Wendell  Hubbard,  Francis  Head,  H.  P.  Cochrane,  Emile  G.  Perrot, 
and  Alan  Corson. 

Auditors  for  1904:   Messrs.  Dallett,  Humphrey,  and  Spangler. 

Special  Meeting,  February-  6,  1904. — Present:  President  Carl  Herini^, 
Vice-Presidents  Foster  and  McBride,  Directors  Bonner,  Leiper,  Loomis,  Davis, 
and  F^sby,  the  Secretary'  and  the  Treasurer. 

The  subject  of  proposed  club  rooms  in  the  Witherspoon  Building  was  dis- 
cussed. 

Regl'lar  Meeting,  February  20,  1904. — Present:  President  Carl  Herinp, 
Vice-Presidents  Foster  and  McBride,  Directors  Bonner,  I^eiper,  Loomis,  Davis, 
Devereux,  and  Easby,  the  Secretary-  and  the  Treasurer. 

The  Treasurer's  re|)ort  showed: 

Balance,  December  31,  1903,  $1312.60 

January  receipts,  1943.00 

$3255.60 
January  expenditures, 338.41 

Balance,  January  31,  19(H, $2917.19 


The  Boston  Society  of  Civil  Engineers  was  added  to  the  list  of  clubs  aiid 
societie-i  exchanging  club  liouse  privileges. 

The  Secretary  was  given  complete  authority  to  arrange  and  direct  the  work 
of  the  office  and  the  assistant,  so  as  to  ex|)edite  the  business  of  the  Club. 

A  resolution  wa**  parsed  that  it  is  tlie  sense  of  the  Board  that  discussions 
should  be  condensed  for  pu])lication. 

The  arrangement  of  the  circular  notice  of  club  meetings  was  referred  to  the 
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Chairman  of  the  Publication  Committee  and  the  Secretary,  after  some  considera- 
tion of  the  form  of  notice. 

The  President  was  authorized  to  appoint  a  Committee  on  New  Club  House, 
the  size  of  the  committee  l)eing  left  to  his  discretion. 

The  resignation  of  Mr.  C.  F.  Moore  was  presented  and  accepted  as  of  December 
31,  1903. 

The  President  was  authorized  to  appoint  a  committee  to  take  charge  of  the 
advertising  of  the  Club. 

Regitlar  Meeting,  March  19,  1904. — Present:  President  Hering,  Vice- 
Presidents  Foster  and  McBride,  Directors  Bonner,  Leiper,  Loomis,  Davis,  and 
Devereux,  the  Secretary'  and  the  Treasurer. 

The  President  announced  that  the  Committee  on  Advertising  would  consi.st 
of  the  Treasurer,  Chairman  of  the  Publication  Committee,  and  the  Secretary. 

The  Treasurer's  report  sliowed: 

Balance,  Jaimary  31,  1904, $2917.19 

February  receipts,    577.50 

$3494.69 
February  disbursements,..' 709.31 


$2785.38 


The  question  of  securing  members  of  the  American  Society  of  Civil  ICngineers 
resident  in  Philadelphia  as  members  of  the  Club  was  referred  to  the  members 
of  that  Society  who  are  now  members  of  the  Club. 

An  appropriation  of  $200  was  made  to  the  House  Committee  with  directions 
to  proceed  at  once  with  propo.sed  changes  in  the  partitions  on  the  first  floor. 

The  President  was  authorized  to  appoint  a  committee  to  devise  ways  and 
means  by  which  the  Club  could  co-operate  in  the  movement  of  the  City  Parks 
and  other  allied  organizations  for  a  report  on  a  comprehensive  park  system  for 
Philadelphia,  the  chairmen  of  the  Information  and  Publication  Committees  to 
be  made  members  of  the  Committee. 

The  President  was  authorized  to  apix)int  a  special  committee  on  information 
which  is  to  make  the  Club  House  headquarters  where  all  vi.siting  engineers  may 
obtain  information  as  to  the  points  of  interest  in  the  city  and  a  list  of  manu- 
facturing establishments,  etc.,  which  may  be  visited,  the  President  to  be  ex- 
officio  member  of  the  Committee. 

The  invitation  of  the  American  Society  of  Civil  Engineers  to  members  of 
the  Club  to  avail  themselves  of  the  conveniences  to  be  established  by  tlie  Society 
at  the  St.  Louis  Exposition  was  accepted  and  directed  to  l>e  read  to  the  Club. 

A  reque.st  that  meml>ers  of  the  Club  join  the  International  Emrineering 
Congress,  to  be  held  in  St.  Louis,  was  directed  to  be  presented  t 

the  next  business  meeting  and  sent  out  in  abstract  in  the  notice 

The  resignation  of  Mr.  Walter  S.  Sheafer  was  accepted. 
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From  I'niversity  of  Pennsylvania. 
The  Provost's  Report,  August  31,  1903. 

From  State  Board  of  Health  of  M ass ach r setts. 
Tliirty-fourth  Annual  Reiwrt,  1902. 

From  Commissioner  of  Editation,  Washington,  D.  C. 
Annual  Report,  1902,  Vol.  II. 

From  Carl  Hering,  Philadelphia. 
Report  of  "  Dinner  to  John  Fritz,  Octol>er,  1902.'* 

From  CiEorge  W.  Rafter,  Rochester,  X.  Y. 
Report  of  the  State  Water  Storage  Commission,  New  York,  1903. 

From  University  of  Texas  Mineral  Survey. 
Report  of  Progn'ss  for  the  Year  Fnding  Deceml^er  31,  1903. 

From  BrLLocK  Klectric  MANrFACTiRiNO  Co.,  Cintinnati,  Ohio. 
Relative    Advantages   of    Klectrical    and    Meclianical    Metho<ls   of   Variable 
S|)eed  Control  for  ( Seneral  Power  Service. 

From  Willi  vm  Cooper,  Cincinnati,  Ohio. 
Metho<ls  of  SiK»ed  Control. 

From  John  Birkinbine,  Philadelphia. 
The  Production  of  Iron  Ores  in  1902. 

From  University  of  Pennsylvania. 
Proceedings  of  University  Day,  February  22,  1904. 

From  Robert  G.  Dieck,  Manila,  P.  I. 
ReiM)rt  of  the  Municipal  Boanl  of  tlie  City  of  Manila,  June  30,  1903 
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FAILURE  OF  OAKFORD  PARK  DAM  ACROSS  BRUSH  CREEK   ^^ 
NEAR  JEANNETTE.  PENNSYLVANIA. 

HARRISON    SOUDER. 
Read  April  i,  190L 

On  Sunday  aft<?moon,  July  5,  1903,  the  dam  across  Brush  Creek 
at  Oakford  Park,  about  one  mile  from' Jeannette  on  the  Pennsylvania 
Railroad,  was  washed  out,  causing  the  loss  of  twenty  lives  at  Jean- 
nette, Greensburgh,  Manor,  Penn,  and  Irwin,  small  towns  below. 
At  the  time  of  my  inspection  on  July  12th,  the  condition  of  the  wrecked 
dam  was  practically  unchanged. 

An  employee  of  the  traction  company  that  owned  the  park,  who 
was  an  eye-witness  of  the  catastrophe,  stated  that  there  were  two 
heavy  downpours,  or  "water-spouts"  as  he  called  them:  the  first,  at 
four  o'clock,  caused  the  water  to  rise  rapidly  in  the  reservoir  and 
overflow  the  dam.  The  watchman  immediateh-  opened  the  twenty- 
four  inch  drain-pipe  and  then  warned  the  many  visitors  in  the  park 
of  their  danger  and  tried  to  get  them  to  leave.  Then  came  the  second 
cloud-burst  which  finally  carried  the  dam  away  at  about  half  past  four 
o'clock.  The  water  was  running  over  the  dam  fully  twenty  minutes 
before  it  broke,  it  was  stated,  and  an  inspection  of  the  dam  on  July 
12th,  would  indicate  that  this  was  so. 
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The  dam  was  an  earth  structure,  three  hundred  and  twenty-one 
feet  long  and  fourteen  and  one-half  feet  wide  on  the  top.     Both  slopes 


were  one  on  two  and  were  paved  with  flat  rubble  stones  averaging 
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four  inches  thick,  twelve  to  twenty-four  inches  long,  and  t^^^^e^ches 
deep,  laid  on  edge.  The  paving  on  the  slopes  was  laid  dry.  The  dam 
was  approximately  twenty-five  feet  high  above  the  bed  of  Brush 
Creek;  the  reservoir  being  one  thousand  feet  long  and  covering  an 
area  of  some  six  acres,  with  a  maximum  depth  of  water  of  twenty 
feet.  A  plan,  elevation  and  cross-section,  are  shown  in  Fig.  1,  the 
position  of  the  breach  being  shown  in  broken  line  . 

The  break  in  the  dam  extends  from  the  spillway  retaining  wall  to 
a  point,  C,  eighty-five  feet  to  the  left.  The  maximum  cut  is  ten  feet 
wide  at  the  bottom  and  thirty-five  feet  at  half  the  height  of  the  em- 
bankment, and  occurs  at  the  old  creek  channel.  From  this  point  to 
the  spillw^ay  wall  a  portion  of  the  inner  slope  of  the  embankment 
remains. 

The  maximum  cross-section  at  the  creek  bed  appears  in  Fig.  1. 
This  shows  a  rubble  masonry  wall  two  feet  thick  of  small  stones  in 
cement  mortar  of  poor  quality,  which  was  built  across  the  old  creek 
bed  only,  about  twelve  feet  up-stream  from  the  center  line  of  the  dam, 
and  is  carried  up  to  the  top  of  the  creek  banks  only.  This  wall  was 
breached.  The  presence  of  many  roots  "  in  place,"  where  the  natural 
surface  is  exposed,  would  indicate  that  the  original  surface  was  not 
stripped  clean,  if  at  all. 

The  embankment  was  built  of  eight-inch  layers  of  clayey  loam, 
black  soil,  and  gravel,  and  was  hard  and  compact,  the  lower  face  w^here 
cut  out  by  the  overfall  of  water  standing  almost  vertical.  There  was 
no  core  wall  or  puddle  lining.  Fig.  2  is  a  view  of  the  embankment  at 
the  point  of  maximum  cutting,  and  shows  also  the  construction  in 
layers. 

The  spillway,  three  feet  deep  and  twenty-five  feet  wide,  was  mostly 
cut  out  of  a  hard,  solid  sandstone  ledge.     A  heavy  masonry  retaining 
wall  founded  on  rock  separated  the  spillway  from  the  earthwork. 
The  inner  approach  to  the  spillway,  next  the  wall,  was  paved  with 
stone  in  cement,  the  grade  being  eight  inches  in  six  feet.     This  paving 
was  undermined,  forming  a  cave  between  the  wall  and  the  rock,  some 
eight  feet  wide  and  three  feet  high,  from  W'hich  the  earth  had  been 
washed  (see  Fig.  3),  exposing  a  masonr>'  wall  extendhig  ^^^l^^^  ih*-  .spill- ^- 
way  from  the  retaining  wall  to  the  rock  ledge.  The  spillu  ay  cres  I  is  lev^ " 
three  feet  wide,  and  formed  of  large  cut  stones.     Tho  fail  away  fi 
the  crest  is  cut  out  of  the  rock  in  nine-inch  steps  at  Ihe  U^p,  gnm 
larger  at  the  bottom,  the  average  slope  being  about  fcirty-five  dt^gf 

The  retaining  wall  is  two  and  one-half  feet  wide  on  top,  iitcreai 
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the  drift,  possibly  four  feet  high,  around  the  electric  light  pole,  at  B, 
would  indicate  a  probable  maximum  depth  of  three  feet,  and  not  pos- 
sibly over  five  feet,  on  the  crest. 

All  accounts  seem  to  agree  that  the  first  break  began  at  the  spillway 
wall,  which  is  most  probable,  and  extended  rapidly  until  the  break 
reached  a  width  of  eighty-five  feet,  as  shown  in  Fig.  1. 

The  coroner's  jur\'  rendered  a  verdict  to  the  effect  that  those  that 
lost  their  lives  in  the  \icinity  of  Oakford  Park  on  July  5th,  came 
to  their  deaths  through  **an  unusual  do^^-npour  of  rain'*;  except  one 
person  electrocuted  by  grasping  a  live  wire.  The  jur}'  seemed  satis- 
fied that  the  fatalities  were  not  directly  due  to  the  breaking  of  the 
dam. 

The  spillway  was  three  feet  by  twenty-five  feet,  with  an  area  of 
seventy-five  square  feet.  If  we  assume  the  depth  of  water  on  the 
crest  of  the  dam  to  have  been  three  feet,  the  total  sectional  area  of 
water  flowing  over  it  was  1125  square  feet:  Using  Francis'  formula 
for  discharge  over  wide-crested  wiers,  Q  =^  3.012  L  H*  ^,  which 
would  nearly  apply  to  this  case,  we  have  a  discharge  of  6462  cubic 
feet  per  second.  The  drainage  area  was  approximately  six  square 
miles,  giving  a  discharge  of  1077  cubic  feet  per  second,  per  square 
mile.  At  the  coroner's  investigation  it  was  stated  that  5^  inches  of 
rain  fell  in  the  neighborhood  of  the  dam  on  the  afternoon  of  the  flood ; 
it  was  also  shown  that  the  dam  did  not  break  until  fully  two  hours  after 
the  rain  began  to  fall.  A  rainfall  of  5i  inches  on  six  square  miles  is 
equivalent  to  7,866,936  cubic  feet  of  water  =  1092  cubic  feet  per 
second  =  182  cubic  feet  per  second  per  square  mile.  It  is  probable 
that  the  greater  part  of  this  rain  came  down  in  a  brief  period  of  time 
— less  than  an  hour — and  the  maximum  flow  over  the  dam  lasted  but 
a  short  time;  it  would  also  indicate  that  it  is  hardly  probable  that  the 
depth  of  water  on  the  crest  of  the  dam  exceeded  three  feet. 

200  M^ 

Fanning's  formula,  Q  -        ^     -  cubic  feet  per  second  per  square 

mile,  gives  162  cubic  feet  per  second  per  square  mile.  The  spillway 
running  full,  level  with  crest  of  the  dam,  dischargeil  but  131  cubic 
feet  i)er  second  per  sfjuare  mile,  so  that  the  spillway  was  not  even 
large  enough  for  average  flood  conditions. 

It  Ls  my  opinion  that  uch  a  storm  as  this  cannot  be  taken  care  of  by 
the  spillways  provided  in  common  practice,  especially  for  small  dams 
with  small  drainage  areas.  Small  dams  provide  comparatively  little 
storage  nK)ni,  and  the  drainage  area  being  so  small,  the  great  local 
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downpours  have  no  chance  to  spread  and  their  effect  is  quickly  felt 
at  the  dam. 

Such  dams  should  be  of  timber  or  masonry  and  provided  with  a 
roll-way,  or  apron,  so  that  they  can  discharge  water  over  their  entire 
length.  If  they  are  built  of  earth,  then  an  extra  large  spillway,  more 
than  sufficient  to  carry  the  greatest  known  floods,  should  be  provided, 
and  a  substantial  core  wall  built  the  entire  length  of  the  dam  and  well 
into  the  hills  on  either  side,  and  extended  up  at  least  to  the  spillway 
crest  elevation  and  down  into  hard  bottom. 

A  suitable  masonr}'  core  in  this  dam,  acting  as  a  retaining  wall, 
would  possibly  have  saved  the  great  loss  of  life  and  property. 

A  small  earth  mill  dam  some  ten  feet  high,  in  the  neighborhood  of 
Jeannette,  which  had  a  masonry  core  wall,  was  overflowed  by  the  same 
storm.  The  wall  and  inner  embankment  remained  intact,  while  all 
the  earth  behind  the  wall  was  washed  away. 

The  flood  wave,  rolling  down  the  Brush  Creek  valley  after  the  dam 
gave  way,  swept  all  the  frame  buildings  in  its  path,  overturned  several 
trolley  cars  and  broke  down  the  brick  wall  at  the  end  of  the  car  barn. 
One  of  the  trolley  cars,  full  of  people,  was  standing  on  a  small  stringer 
bridge  over  Brush  Creek  at  the  car  bam,  fifteen  hundred  feet  below  the 
dam.  The  greatest  loss  of  life  was  caused  by  the  overturning  of  this 
car. 

The  wreckage  was  carried  down  stream  to  the  high  embankment  of 
the  Pennsylvania  Railroad,  hindering  the  discharge  of  water  through 
the  masonry  arch  of  twenty  feet  span  and  217  square  feet  area  of 
opening.  The  water  rose  against  the  embankment  approximately 
thirty-five  feet,  forming  a  pool  of  probablv  twenty  acres  in  extent,  and 
lifted  bams  and  houses  from  their  foundations.  The  velocity  of  the 
water  shooting  out  from  the  lower  side  of  the  stone  arch  under  a  head, 
tore  away  the  solid  masonr>'  arch  rings  for  some  fifteen  feet  or  more, 
along  with  the  earth  fill ;  leaving  one  of  the  railroad  tracks  suspended 
in  the  air.  ^^^ 

Discrssiox. 

Edwin  F.  Smith. — Mr.  Souder  has  called  our  attennon  lo  || 
providing  spillways.  That  is  one  of  the  essentials  in  liiiil<iirig 
mound  dam;  too  much  attention  cannot  be  given  to  i^  Thn  i*pi 
if  possible,  be  so  designed  that  with  a  maximum  flood  \h^n^  \xi\\  m 
depth  of  water  than  three  and  a  half  feet  passing  over  i? .  ;iritl  t| 
should  be  raised  at  least  eighteen  inches  above  the  lutK^il 
flood.      An  embankment  only  two  and  a  half  feet  hiphrr  tiittll  d 
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spillway,  on  such  a  stream  is  a  toy  and  may  bring  about  disastrous  results,  as 
the  one  under  consideration  did.  It  should  be  designed  to  pass  with  safety, 
the  maximum  discharge  that  may  be  expected,  under  any  conditions,  from  the 
particular  drainage  area  with  which  we  are  dealing. 

Now,  as  to  core-walls,  there  are  many  earthen  dams  built  without  core-walls, 
many  of  them  being  constructed  before  there  was  any  such  tool  as  a  grooved 
roller.  I  do  not  like  to  use  a  grooved  roller,  or  any  device  that  will  bring  about 
such  treatment  of  an  embankment,  intended  to  hold  water,  as  is  indicated  in 
the  well-defined  layers  shown  in  the  illustrations  on  the  screen.  All  such  em- 
bankments should  be  made  as  nearly  as  possible  homogeneous,  either  by  tamping 
or  careful  rolling.  The  material  should  be  thinly  spread  and  kept  sufficiently 
wet  to  insure  packing,  when  put  to  place  by  tamping  or  rolling.  There  is  too 
much  disposition,  in  reservoir  specifications,  to  define  the  thickness  of  layers 
and  to  educate  the  contractor  or  builder  into  the  making  of  well-defined  layers. 
It  is  a  quick  and  less  expensive  mode  of  construction  than  that  which  I  have 
indicated,  but  in  many  cases  it  does  not  result  in  good  work. 

The  practice  in  India  was  to  tamp  the  moistened  material  into  place  by  men 
tramping  over  it  with  their  feet,  and  another  way  was  by  driving  cattle  over 
it,  thus  making  it  a  homogeneous  mass.  On  those  works,  some  of  which  are  of 
great  age,  they  did  not  use  rollers. 

Another  thing  which  impresses  me  is  the  condition  of  the  wing- wall  of  the 
spillway.  That  certainly  was  not  a  good  piece  of  work.  There  is  no  evidence 
whatever  of  any  cut-oflf  walls  or  any  devices  for  preventing  the  water  from 
following  the  wall  where  it  joins  the  embankment.  There  should  always  be  at 
least  two  cut-offs  introduced  between  the  backing  of  the  wall  and  the  embank- 
ment, and  the  earthwork  should  be  more  carefully  tamped  around  these  cut-off 
walls  than  anywhere  else.  That  is  important,  because  we  must  expect  that 
water  will  seek  the  easiest  channel  and  endeavor  to  get  through  any  space, 
however  small,  between  a  wall  and  an  embankment. 

There  is  no  doubt  that  in  the  Jeannette  Dam  the  water  found  its  way  through 
at  that  point.  Again,  there  is  no  evidence  of  any  attempt  to  prevent  leakage 
under  the  embankment,  except  in  the  building  of  the  small  baffle  wall  across 
the  creek.  It  would  have  been  better,  if  before  the  building  of  the  embankment . 
a  deep  trench  had  been  excavated  across  the  valley  and  that  had  been  well 
puddled  in.  For  a  dam  of  moderate  height  this  would  have  answered  all  the 
purposes  of  a  core-wall,  but  the  work  must  be  well  done. 

I  think  it  may  fairly  be  said,  in  conclusion,  that  the  prominent  weaknesses 
of  the  Jeannette  reserv^oir  were: 

1 .  The  failure  to  prox-ide  sufficient  area  of  spillway. 

2.  The  insufficient  height  of  embankment  above  the  level  of  the  spillway. 

3.  The  making  of  the  embankment  in  well-defined  layers. 

4.  The  failure  to  introduce  "cut-off"  walls  into  the  masonry,  and  especially 
the  walls  of  the  spillway. 

Mr.  Souder. — I  agree  with  Mr.  Smith  that  an  earth  dam  should  not  l>e 
built  in  continuous  horizontal  layers  running  through  the  embankment.  It  is 
the  usual  method,  but  not  a  good  one.  There  are  several  ways  of  breaking 
the  continuity  of  the  layers.  It  seems  to  me  the  method  of  tamping  and  com- 
pacting with  the  feet  is  rather  slow  and  ancient.     Good  work  has  been  done 
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in  that  way,  but  it  takes  a  much  longer  time  for  the  embankment  to  settle 
than  if  the  earth  is  rolled  uniformly  while  building.  With  the  grooved  roller 
breaking  the  layers,  I  think  you  can  get  very  good  work,  if  the  earth  is  well  wetted 
as  you  put  the  layers  on,  and  I  do  not  think  there  will  be  much  danger  of  the 
water  seeping  through.  The  weight  of  the  roller  used  is  an  important  feature 
which  has  not  been  touched  upon  to-night.  I  prefer  the  heavy  steam-roller, 
say  8  tons,  for  embankment  work.  You  can  do  quicker  work  with  a  heavy 
steam-roller  than  with  a  light  one,  provided  the  other  conditions  are  favorable. 
A  light  horse-roller  should  be  kept  on  hand  for  use  after  rainy  weather  when 
the  earth  is  soggy. 

At  Johnstown  on  the  large  Hinckston  River  Dam,  of  which  the  writer  had 
charge,  good  work  was  done  with  a  10-ton  steam-roller,  the  front  roller  being 
grooved,  the  rear  roller  wheels  being  smooth  but  studded  with  spikes.  A  3-ton 
horse-roller  was  also  in  use  on  this  work.  For  tamping  puddle  clay  along  the 
concrete  core-wall  pneumatic  tampers  under  60  pounds  pressure  were  used. 

Mr.  Smith. — I  do  not  want  to  be  misunderstood  about  the  use  of  a  grooved 
roller.  The  practice  is  to  rely  too  much  upon  a  six  or  eight-inch  layer  and 
then  roll  it  down  with  a  grooved  roller.  It  is  not  good  practice  to  construct 
reservoir  embankments  in  rolled  layers.  The  effort,  on  the  contrary,  should  be 
to  make  a  homogeneous  embankment,  without  layers,  and  this  can  be  done  if 
the  material  is  properly  spread  and  worked.  What  I  want  to  discourage  is  the 
system  of  carting  in  the  material  and  spreading  it  in  as  heavy  a  layer  as  eight 
inches,  and  then,  by  the  use  of  a  grooved  roller,  compacting  it,  and  in  that 
way  building  up  a  succession  of  such  layers. 

John  Birkinbine. — When  the  dam,  which  has  been  described,  gave  way, 
I  had  under  construction  five  earthen  and  one  masonry  dam,  and  as  two  of 
these  earthen  dams  were  in  the  same  general  territory  as  the  destroyed 
structure,  I  naturally  desired  to  be  posted  as  to  the  conditions  which  brought 
about  the  failure  of  this  dam,  because,  although  it  was  small  and  drained 
a  limited  area,  it  has  its  lessons.  Mr.  Souder's  investigations  were  unfortunately 
handicapped  by  the  fact  that  subsequent  to  the  dam  being  destroyed  a 
continued  heavy  rain  washed  away  many  of  the  high-water  marks  which 
otherwise  would  have  given  definite  heights,  etc.  I  obtained  from  another 
engineer  who  investigated  the  disaster,  his  records  and  photographs,  and  also 
conferred  with  a  man  who  lived  in  the  vicinity,  and  who  intelligently  noted 
the  conditions  which  prevailed.  From  the  various  reports  I  am  convinced  that 
one  of  those  locally  severe  storms,  which  we  must  provide  for,  caused  the  disaster. 

In  constructing  dams  or  reservoirs  two  conditions  must  be  anticipated,  either 
of  which  may  arise  but  once  in  a  lifetime,  and  we  must  construct  the  dams,  if 
they  are  to  last,  with  these  conditions  in  view.     One  of  the  conditions  is  a 
continuous  rainfall  for  a  number  of  days,  but  the  amount  of  rain  deposited  in 
a  short  interval  not  being  phenomenal.     The  Johnstown  disaster  in  1889  resulted 
from  a  continued  rain  for  three  days,  during  which  the  total  precipitation  was  nc 
double  that  which  fell  on  a  portion  of  Philadelphia  in  an  hour  and  forty  minut 
We  had  five  and  four-tenths  inches  of  rain  in  this  brief  period,  while  at 
time  of  the  destruction  of  Johnstown  the  highest  record  for  any  part  of  Pe 
sylvania  was  between  nine  and  ten  inches  deposited  in  three  days,  and  that  ^ 
on  the  eastern  slope  and  not  the  western  slope  of  the  Alleghenies.     The  ot 
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condition  which  we  must  anticipate  is  a  local  severe  downpour,  such  as  brought 
about  the  disaster  under  discussion.  Fortunately  meteorological  conditions  do 
not  appear  to  make  possible  such  phenomenal  deposits  of  rain  over  large  are«s. 
Nearly  simultaneously  with  the  disaster  at  Jeannette  I  had  recommended  a  liberal 
spillway  for  a  storage  dam  in  Colorado,  which  drains  a  limited  area.  We  do 
not  know  just  how  much,  because  the  watershed  is  among  the  peaks  of  the 
Rocky  Mountains.  The  water  surface  of  this  dam  is  9800  feet  above  sea-level. 
and  the  storage  is  6500  million  gallons.  I  was  stud3ring  the  conditions  of  poasible 
freshets,  in  connection  with  an  ample  spillway.  The  dimensions  suggested  were 
considered  unnecessarily  large  by  the  engineer  who  had  the  construction  in 
hand  and  by  others  connected  with  the  State  department.  While  letters  upon 
this  subject  were  passing  a  local  storm  occurred  between  Colorado  Springs  and 
Pueblo.  A  stream  called  "The  Fountain,"  which  heads  up  near  Pike's  Peak,  has 
ordinarily  a  dry  bed.  One  afternoon  there  was  a  summer  shower  in  Pueblo  and 
also  a  similar  one  in  Colorado  Springs,  thirty-five  miles  distant.  Between  these 
a  cloud-burst  occurred,  and  the  little  Fountain  was  turned  into  a  raging  river, 
which  broke  all  railway  communication  between  Colorado  Springs  and  Pueblo 
for  several  days  and  washed  away  buildings  and  bridges.  Near  the  city  of  Pueblo 
is  another  stream,  Rock  Run;  ordinarily,  if  you  need  a  drink  of  water,  you  must 
go  elsewhere;  but  I  noted  marks  of  a  freshet,  which  came  down  that  creek, 
fully  thirty  feet  deep  and  five  hundred  feet  in  width,  and  great  rocks  weigh- 
ing five  or  six  tons  must  have  been  moved  a  half  mile  or  more.  That  stream 
obtained  the  volume  of  water  from  a  prairie,  on  which  one  sees  no  declivity, 
to  indicate  which  way  the  water  runs.  But  every  cactus  bush  had  grasped 
around  its  roots  the  remains  of  the  Russian  thistle,  showing  that  a  decided 
current  had  passed  over  the  plain;  and  yet  adjacent  streams  had  no  freshet 
of  any  account.  These  local  freshets  encouraged  the  adoption  of  the  liberal 
spillway  capacity  recommended. 

Following  the  Jeannette  disaster,  I  had  the  calculations  for  all  spillways, 
which  we  had  in  hand,  examined  with  the  idea  of  correcting  any  possible  errors. 

I  endeavored  to  obtain  records  from  the  United  States  Weather  Bureau,  but 
foimd  nothing  in  the  immediate  vicinity  of  Jeannette.  The  nearest  of  the 
neighboring  records  taken  by  the  Weather  Bureau  showed  a  contemporaneous 
rainfall  of  one  inch  or  less.  This  indicates  a  local  severe  storm.  The  statement 
was  made  that  at  one  house,  well  in  the  center  of  the  drainage  area  of  Brush 
Creek,  a  crock  ten  inches  high  standing  outside  the  house  was  filled  by  the 
rain.  In  a  part  of  Iowa  where  much  of  the  Chicago,  Burlington  and  Quincey 
Railroad  was  washed  out,  it  was  claimed  that  fourteen  inches  of  rain  fell  in  a 
day.  This  was  a  great  storm — fourteen  inches;  but  we  had  five  and  four-lenthj* 
inches  in  an  hour  and  forty  minutes  in  our  own  city.  Mr.  Codman  has  given 
to  you  the  records  of  that  very  interesting  storm,  but  some  of  the  later  ones 
may  have  taken  away  its  laurels. 

These  are  the  two  conditions  to  he  met,  and  our  spillways  or  overflow  dams 
are  not  to  be  erected  merely  for  the  ordinary  freshet:  we  must  proportion  them 
to  take  care  of  the  volume  of  water  which  may  come  but  once  in  a  lifetime. 
We  must  either  build  dams  to  take  water  over  the  crest,  or  vent  the  maximum 
discharge  past  the  structure  by  means  of  spillways  of  ample  size.  The  masonry 
dam  I  had  under  construction  drained  an  area  smaller  than  that  which  has 
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been  mentioned  for  the  Jeannette  dam.  It  has  a  crest  130  feet  wide,  over  which 
water  can  flow  to  a  depth  of  4^  feet.  Possibly  the  fidlure  of  some  masonry 
dams  has  been  due  to  the  fact  that  proper  consideration  was  not  given  to  pro. 
portioning  them  to  the  velocity  of  the  water  passing  over  the  crest.  We  make 
what  we  call  an  ogee  on  the  down-stream  face,  on  the  theory  that  a  certain 
amount  of  water  will  go  over  a  dam  built  amply  strong  to  sustain  any  weight 
behind  it.  A  reason  for  failure  of  dams  similar  in  design  to  that  at  Austin, 
Texas,  may  be  found  in  the  high  velocity  due  to  abnormal  volumes  in  times 
of  freshet,  which  carries  the  water  clear  of  the  crest,  allowing  it  to  fall  upon 
the  lower  part  of  the  ogee,  or  upon  the  apron,  with  terrific  force. 

I  agree  with  Mr.  Smith  that  embankments  in  layers  are  not  desirable,  and 
I  never  used  the  word  "layer"  in  specifications.  But  I  do  not  agree  with  Mr. 
Smith's  objections  to  grooved  rollers.  I  prefer  them,  and  think  that  their  use 
secures  a  homogeneous  bank.  To  use  cattle  is  the  worst  thing  for  a  bank, 
for  the  animals  deposit  on  it  foreign  material.  In  the  construction  of  earthen 
reservoirs  we  provide  boys  to  follow  the  horses  and  pick  up  all  droppings.  We 
provide  that  the  material  shall  be  thinly  scattered,  and  that  the  roller  shall 
constantly  traverse  it.  We  require  selected  material  well  compact  for  the  inner 
portion,  and  equally  well  rolled  material  for  the  outer  portion. 

As  to  oore-waUs:  If  a  reservoir  is  tight  on  the  inner  px)rtion,  we  may  say 
frankly,  what  is  the  use  of  a  core-wall?  and  if  the  core- wall  is  to  be  the  water^ 
tight  face,  what  is  the  use  of  the  interior  portion  of  the  embankment?  Core- 
walls  serve  a  very  good  purpose,  as  a  barrier  against  any  possible  leakage  in 
the  earthen  embankment,  but  I  would  not  design  a  core-wall  as  part  of  an 
embankment  unless  I  could  put  backing  enough  behind  it,  which,  added  to  its 
own  weight,  would  stand  any  anticipated  pressure.  In  the  construction  of  the 
reservoir  in  which  Mr.  Souder  has  been  associated  with  me,  we  are  using  a 
concrete  core-wall  and  backing  it  up  thoroughly  on  both  the  inside  and  the 
outside.  The  core-wall  extends  for  two-thirds  of  the  vertical  height  of  the 
embankment,  and  it  will  serve  its  purpose,  but  I  never  expect  any  considerable 
amount  of  water  to  reach  it.  It  is  there  as  a  safeguard  against  accident.  I 
have  two  dams  under  construction  near  Johnstown,  Pa.  The  dam  just  described 
will  hold  over  eleven  hundred  million  gallons;  the  other  about  three  hundred  mil- 
lion gallons.  Naturally  a  community  which  has  suffered,  as  Johnstown  did,  is  criti- 
cal as  to  any  artificial  construction  to  store  water,  and  yet  the  South  Fork  Dam, 
an  earthen  structure,  did  not  fail  until  water  had  poured  over  the  top  of  it 
for  three-quarters  of  an  hour.  The  destruction  of  life  and  property  was  pri- 
marily due  to  the  fact  that  before  the  dam  gave  way  Johnstown  was  under 
five  feet  of  water,  and  people  who  wanted  to,  could  not  leave  their  homes. 
That  dam,  except  for  the  portion  which  has  been  cut  away,  is  to-day  an  evidence 
of  what  an  earthen  embankment  can  be  exi>ected  to  stand.  One  dam  now 
building  drains  about  six  square  miles;  the  spillway  provided  is  constructed 
with  concrete,  but  a  wing-wall,  as  a  continuation,  is  carried  into  the  natural 
ground,  and  the  surface  leveled  off,  so  that  the  length  of  the  crest  is  three  times 
that  of  the  spillway  proper.  This  extension  being  several  feet  higher  thai 
the  spillway,  will  never  come  into  service  until  the  water  is  high  enough  to  ^ 
the  spillway  and  then  pass  over  this  additional  wing-wall.  The  objection  is  th 
a  spillway  in  earth  encourages  vegetable  growths  which  clog  it.     It  is  propos 
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to  thoroughly  salt  the  exposed  portion  of  earth  excavation,  and  resalt  it  in 
future  at  such  intervals  as  may  appear  best.  If  the  vegetation  is  allowed  to 
grow  up  it  may  become  an  artificial  dam,  and  the  spillway  is  of  practically 
little  use. 

John  E.  Codman. — I  can  give  statistics  relating  to  the  run-oflf  of  streams 
only  so  far  as  I  can  recall  from  memory.  On  the  Perkiomen,  which  has  a  water- 
shed of  152  square  miles,  the  greatest  amount  of  run-off  is  about  110  cubic 
feet  per  second  per  square  mile,  continuing  probably  from  fifteen  to  twenty 
minutes.  On  the  water-shed  of  the  Neshaminy — 139  square  miles — the  flow-off 
is  pretty  nearly  the  same.  The  great  storm  which  occurred  in  October,  1903, 
when  we  had  the  greatest  freshet  known  on  the  Delaware,  gave  a  precipitation, 
in  some  places  in  the  Delaware  valley,  of  from  six  to  seven  inches  in  thirty-six 
hours,  and  the  amount  of  flow-off  did  not  reach  quite  100  cubic  feet  |>er  second 
per  square  mile  for  the  small  streams.  On  the  Schuylkill,  the  record,  I  think,  was 
about  82  cubic  feet  per  second  p>er  square  mile.  The  small  streams  with  water- 
sheds running  from  100  to  150  square  miles,  with  heavy  rains  and  frozen  ground, 
will  reach  their  maximum  in  a  very  short  time;  the  flow  reaching  a  maximum  in 
about  eight  to  ten  hours.  In  making  computations  for  the  size  of  the  spillway 
for  small  streams,  there  must  be  some  provision  made  for  the  sudden  run-off. 
It  does  not  remain  for  a  great  length  of  time;  but  when  it  does  come,  the  vast 
amount  of  water  must  be  provided  for.  If  the  spillway  is  not  large  enough,  sks 
in  the  case  at  Johnstown,  of  course,  the  flow  is  over  the  top  of  the  bank. 

J.  W.  Ledoux. — According  to  my  memory,  at  Kittanning  Point  on  Burgoon's 
Run  during  the  rain-storm  that  caused  the  Johnstown  flood  there  was  a  flow 
of  water  over  the  embankment  and  spillway  corresponding  to  at  least  400  cubic 
feet  per  second  per  square  mile.  The  drainage  area  above  this  reservoir  is  6 
square  miles  and  the  watershed  is  almost  entirely  covered  with  woods.  The 
embankment  is  about  900  feet  long  and  the  spillway  on  the  south  end  is  34  feet 
long  and  5  feet  3  inches  high ;  the  section  of  the  crest  being  curved  down-stream 
in  the  form  of  a  parabola.  The  dam  is  entirely  of  earth,  with  a  three  to  one 
slope  up  stream  and  two  to  one  slope  down  stream,  both  slopes  being  covered 
with  12  inches  of  rip-rap  with  the  surface  broken  to  about  3  inches  in  sixe. 
The  embankment  was  built  of  earth,  using  a  sprinkler  and  a  grooved  roller, 
the  layers  being  deposited  not  to  exceed  6  inches  in  thickness. 

The  water  ran  over  the  earth  dam  for  several  hours,  the  maximum  depth 
being  12  inches,  which  gave  a  depth  over  the  spillway  of  6  feet  3  inches. 
The  earth  embankment  suffered  no  material  damage.  I  believe  the  rainfall  at 
Altoona,  six  miles  distant,  was  reported  to  be  about  eight  inches  in  twenty-four 
hours. 

Mr.  Birkinbine. — The  Commission  which  reported  to  the  American  Society 
of  Civil  Engineers  fixed  the  maximum  run-off  during  the  flood  at  the  South 
Fork  Dam,  at  above  200  cubic  feet  per  second  i>er  square  mile,  and  I  would 
not  be  surprised  if  the  conditions  near  Altoona  were  as  stated.  The  run  has  a 
smaller  drainage  basin  and  is  on  the  eastern  slope  of  the  Alleghenies,  which,  as 
you  know,  received  such  a  drenching  that  there  was  not  a  bridge  left  on  the 
Juniata  River.  On  the  Conemaugh  River  the  drainage  was  confined  to  a  limited 
area  below  Johnstown.  The  Johnstown  disaster  was  local  and  the  freshet  con- 
ditions were  not  so  severe  on  the  streams  of  the  western  slope  as  on  those  of 
the  eastern  sloj>e. 
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THE  LOWER  ROXBOROUGH   PRELIMINARY  FILTERS. 

P.  J.  A.  MAIGNEN. 

Head  April  16,  1901,. 

The  problem  of  purifying  water  for  city  supplies  is  at  this  time  the 
most  absorbing  topic  of  discussion  among  engineers,  municipal  ad- 
ministrations and  the  public  in  general.  The  recent  epidemics  of 
typhoid  fever  and  the  demonstrated  value  of  filtration  as  a  means  of 
reducing  the  loss  of  life  from  this  dread  disease  have  influenced  public 
opinion  to  such  an  extent  that  money  for  filtration  plants  is  being 
voted  by  the  taxpayers  and  their  representatives  with  scarcely  a 
dissenting  vote  all  over  the  country. 

Numerous  engineers  have  made  a  specialty  of  filtration,  and  some 
have  attained  positions  as  filtration  consulting  engineers  only  second 
to  those  of  the  great  lawyers  and  renowned  physicians. 

Up  to  yevy  recent  years  it  was  thought  that  the  construction  of 
reservoirs  like  those  of  East  Park,  Queen  Lane  and  Upper  Rox- 
borough, in  Philadelphia,  would  settle  the  question  of  water  purification. 
Then  came  the  advocates  of  the  slow  sand  or  English  system  of  fil- 
tration, pure  and  simple,  and  the  open  partisans  of  rapid  mechanical, 
or  so-called  American  filters.  These,  in  turn,  were  met  by  independent 
engineers,  who  pointed  out  numerous  cases  of  failure  with  both  systems. 
As  late  as  June,  1903,  one  of  the  foremost  experts  in  the  art  of  filtration, 
Mr.  George  W.  Fuller,  in  the  Transactions  of  the  American  Society 
of  Civil  Engineers,  expressed  himself  on  the  question  as  follows: 

"While,  as  is  well  known,  in  the  majority  of  cases,  mechanical 
filters  have  not  been  operated  in  a  manner  to  produce  uniformly  good 
results,  it  is  a  fact,  which  does  not  seem  to  be  appreciated  by  many, 
that  the  majority  of  the  larger  (slow)  sand  filters  in  this  countr>^  that 
have  been  op<»rated  for  several  years  have  also  failed  to  reach  the  goal 
w^hich  may  be  expected  of  them,  as  is  noted  by  any  one  who  takes  the 
trouble  to  examine  carefully  the  typhoid  fever  experiences  in  cities 
which  have  (slow)  sand  filters,  such  as  Poughkeepsie,  Hudson,  Little 
Falls,  N.  Y.,  Ashland,  Wis.,  Rock  Island,  111.,  etc." 

Concerning  the  use  of  sedimentation  basins  as  a  means  of  purifying 
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drinking-water,  the  well-known  French  Engineer,  D'Arcy,  fifty  years 
ago,  wrote  as  follows: 

"  Of  all  the  means  of  rendering  to  waters  their  original  clearness  lost 
by  the  admixture  of  earthy  matters  in  suspension,  that  which  presents 
itself  first  to  the  mind,  and  the  realization  of  which  does  not  appear  at 
first  sight  to  offer  the  slightest  difficulty,  is  to  abandon  such  waters  to 
absolute  rest  during  a  period  of  time  long  enough  to  allow  the  sediment 
to  gather  at  the  bottom  of  the  reservoirs ;  but  when  we  come  to  actual 
practice  we  meet  obstacles  which  had  not  previously  revealed  them- 
selves." 

Among  these  obstacles  are :  First,  the  time  necessary  for  the  forma- 
tion of  the  sediment.  D'Arcy  estimates  this  at  eight  or  ten  days' 
absolute  rest,  and  he  writes: 

"  Motionlessness  of  great  masses  of  water  during  eight  or  ten  days, 
combined  with  the  heat  and  action  of  the  air,  may  bring  about  in  the 
water  a  rapid  change  for  the  worse,  owing  to  the  development  of  vege- 
table growth  on  the  surface  and  to  the  putrefaction  of  the  numerous 
insects  which  may  fall  from  the  atmosphere.  What  renders  stagnant 
waters  dangerous  is  the  ease  with  which  their  temperature  rises,  and 
thus  they  become  the  seat  of  reactions  between  oxygenated  gases  and 
the  hydrogenated  and  carbonated  matters." 

Second;  the  masses  of  water  to  be  clarified  by  this  process.  To 
provide  sedimentation  basins  for  eight  or  ten  days'  absolute  rest,  it 
would  be  necessary  to  have  two  sets  of  reservoirs  of  eight  or  ten  da\'s* 
capacity  each,  so  that  one  set  might  be  filled  while  the  other  is  being 
emptied.  If  the  water  is  allowed  to  flow  through  the  reservoirs  in  a 
continuous  manner,  their  capacity  ought,  in  order  to  produce  the  same 
result,  to  be  equal  to  something  like  twenty  days'  supply. 

To  find  land  and  money  for  such  reservoirs  is  not  an  easy  matter, 
and  if  it  were,  it  would  not  be  the  best  solution  of  the  problem.  Reser- 
voirs are  useful  to  dilute  the  first  and  worst  water  of  a  freshet,  or  to 
keep  an  available  supply  in  case  of  accidents  to  the  pumps  or  pipes, 
but  as  a  means  of  purification,  their  value  is  comparatively  small. 

Third ;  the  gradual  accumulation  of  mud  at  the  bottom  of  the  reser- 
voirs. The  sediment  which  accumulates  in  reservoirs  gradually 
reduces  their  holding  capacity,  and  when  in  course  of  time  it  is  found 
necessary  to  remove  the  accumulated  mud  it  is  expensive  and  at  times 
most  inconvenient. 

It  is  usual  in  this  country  to  credit  reservoirs  of  twenty-four  or 
forty-eight  hours'  capacity  with  the  removal  of  30  per  cent,  turbidity 
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and  40  per  cent,  bacteria.  This  may  be  correct  as  a  general  statement, 
and  it  is  no  doubt  true  of  ordinary  river-water  in  a  normal  state.  At 
such  times  the  suspended  matters  which  cause  the  turbidity  are  of 
comparatively  coarse  nature  and  they  fall  easily  to  the  bottom,  and 
the  bacteria  do  actually  diminish  in  number.     It  has  been  generally 
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river-water  at  the  Shawmont  Pumping  Station  during  the  period 
beginning  Januar}^  4th  and  ending  January  22d  was  ver}-  clear,  having 
not  more  than  7  parts  per  million  of  turbidity,  on  an  average,  by  the 
silica  standard ;  at  the  same  time  the  bacterial  contents  of  the  water 
averaged  43,000  per  cubic  centimeter.  From  April,  1901,  to  October. 
1901,  the  average  turbidity  of  the  water  delivered  in  Philadelphia  from 
the  reservoirs  was  22  parts  per  million  and  the  bacterial  average  2,200 
per  cubic  centimeter. 

To  explain  this  anomaly  of  low  turbidity  and  the  high  number  of 
bacteria  is  not  an  easy  matter;  it  may  have  been  caused  by  excessive 
sewage  contamination  coincident  with  the  low  stage  of  the  river  or 
some  other  cause  not  yet  understood. 

Another  anomaly  has  presented  itself  this  winter  in  connection  v^ith 
the  Lower  Roxborough  Reservoir.  The  bacterial  contents  of  the  raw 
river- water  as  it  came  into  the  reservoir,  from  January-  11  to  April  9. 
1904,  averaged  64,000  per  cubic  centimeter.  The  water  coming  out 
of  the  reservoir,  averaged  during  the  same  period  107,000  bacteria  per 
cubic  centimeter,  or  an  actual  increase  of  67  per  cent.  This  may  be  due 
to  the  fact  that  in  the  very  cold  weather,  such  as  has  prevailed,  the 
higher  organisms  which  are  supposed  to  live  on  the  bacteria  were  more 
or  less  absent  from  the  water  and  did  not  interfere  with  their  prolifi- 
cation,  or  it  may  be  that  the  water,  more  or  less  agitated  in  the  river, 
becoming  quiescent  in  the  reservoir,  proved  particularly  favorable  to 
the  development  of  the  bacteria.  It  should  be  obser\'ed  in  this  con- 
nection that  in  all  waters,  particularly  those  containing  organic  matter, 
from  the  plain  ordinary'  river- water  to  the  highly  polluted  sewage, 
there  is  a  considerable  increase  in  the  number  of  bacteria  during  the 
first  twenty-four  or  forty-eight  hours  of  rest,  or  quasi-rest,  in  whatever 
kind  of  reserv'oir  or  receptacle  it  be  stored;  they  gradually  diminish 
in  number  during  the  subsequent  days,  in  proportion  to  the  prolonga- 
tion of  the  stagnant  state.  Another  reason  may  account  for  this  in- 
crease of  the  number  of  bacteria  in  the  Lower  Roxborough  resenuir: 
that  is,  the  fact  that  for  several  months  previous  to  December  22d 
the  reservoir  had  been  emptied  for  the  purpose  of  remo\ing  the  four  or 
five  feet  of  mud  which  lay  at  the  bottom.  A  small  portion  of  the  mud 
was  removed,  then  work  ceased  and  the  reser\'oir  was  filled  afresh, 
with  the  greater  part  of  the  original  mud  remaining  at  the  bottom. 
It  may  be  that  the  air  germs  which  had  fallen  on  the  mud,  or  the 
original  bacteria  dormant  in  the  old  mud,  found  fresh  vigor  in  the  new 
water  pumjHHl  into  the  reser\^oir.     The  same  peculiarity  was  noticed 
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in  experiments  carried  on  in  1902  at  New  Orieans,  and  the  worst  results 
were  also  observed  in  the  winter  months. 

The  following  table,  taken  from  the  '*  Report  on  Water  Purification 
Investigation  for  New  Orleans/'  by  R.  S.  Weston,  shows  that  ^^  better 
percentage  removals  of  bacteria  were  obtained  after  the  water  had 
been  subsided  for  short  periods  than  after  long  periods." 


REMOVAL  OF  BACTERIA  BY  PLAIN  SUBSIDENCE. 
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To  return  to  the  behavior  of  the  Lower  Roxborough  water  in  passing 
through  the  reservoir;  it  should  be  stated  that  from  April  11th  to  May 
16th  the  water  from  the  Schuylkill  contained  on  an  average  25,000 
bacteria  per  cubic  centimeter.  After  leaving  the  reservoir  the  number 
of  bacteria  in  the  water  was  on  an  average  11,500,  or  a  removal  of  54 
per  cent. 

It  may  be  noted  that  during  the  first  period,  from  January  11th  to 
April  9th,  when  the  bacteria  were  apparently  growing  in  the  reservoir, 
they  were  being  removed  by  the  preliminarj^  filters  to  the  extent  of 
76  per  cent.,  and  in  the  second  period,  from  April  11th  to  May  16th, 
to  the  extent  of  nearly  80  per  cent. 

Concerning  slow  sand  filters,  it  is  held  by  many  that  it  is  necessary 
to  have  a  schmutzdecke  or  mud  blanket  on  the  surface  of  the  sand, 
and  that  without  it  the  filter  is  not  complete  or  efficient.  Others  caU 
this  natural  mud  deposit  a  "filtering  membrane,"  ver>^  fragile  in 
character  and  easily  broken  by  the  slightest  change  in  the  pressure  of 
the  water  above  or  suction  below;  hence  the  efforts  made  by  many 
engineers  to  regulate  autom'atically  the  flow  of  the  water  in  and  out  of 
the  filters. 

The  accompanying  diagram  (Fig.  2)  shows  the  difference  in  tur- 
bidity found  by  two  independent  operators.  The  curves  on  the  left 
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show  the  results  from  a  single  sample  a  day;  those  on  the  right  are 
the  results  of  four  samples  a  day. 

It  has-been  usual  during  the  last  few  years,  in  Philadelphia  and 
elsewhere,  to  speak  of  three  million  gallons  as  the  normal  rate  of 
filtration  of  the  English  plain  slow  sand  filters.    Upon  investigation  it 
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will  be  found  that  there  is  no  evidence  of  any  such  rate  having  been 
attained  in  practice  except  in  extraordinary'  cases,  such  as  Zurich, 
where  the  influent  is,  according  to  Mr.  Hazen,  a  "perfectly  clear  lake 
water."  The  same  author  states  that  *'  the  Hamburg  filters  were  only 
intended  to  filter  at  the  rate  of  1.60  million  gallons  per  acre  daily. 
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and  are  not  allowed  to  filter  faster.''  In  London  in  1868  the  rate  was 
2.28  million  gallons.  In  1885  it  was  reduced  to  1.61.  In  1898,  accord- 
ing to  Mr.  John  W.  Hill  ("  Public  Water  Supplies,"  page  259),  the  aver- 
age  London  rate  was  1.80  million  gallons  per  acre  per  day.  In  one  of 
his  estimates  for  a  plant  of  10  million  gallons  capacity  Mr.  Hazen 
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allows  five  acres  in  service  and  one  acre  reserve  for  cleaning,  or  a 
net  rate  of  1.66  million  gallons  per  acre  per  day,  on  the  assumption 
that  all  the  filters  are  in  service  at  one  time,  and  2  million  gallons  per 
acre  per  day  if  one  of  the  6  acres  is  out  of  service  for  cleaning. 
At  Breslau,  Altona,  and  Frankfurt,  according  to  the  same  author. 
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the  rate  is  1.85  million  gallons  and  the  yield  between  scrapings  55 
million  gallons.  At  Bremen,  Koningsberg,  Brunswick,  and  Posen  the 
rate  is  1.34  million  gallons  per  acre  daily  and  the  yield  between  scraj>- 
ings  40  million  gallons  per  acre. 

According  to  Colonel  Alexander  M.  Miller  (letter  to  the  Secretar>' 
of  War  on  the  feasibility  and  propriety  of  filtering  the  water-supply 
of  Washington,  D.  C,  page  17),  "The  average  rate  of  filtration  of  the 
English  system  is  1,700,000  gallons  per  diem  per  acre.**  This  being 
the  case,  it  may  be  asked,  on  what  basis  can  any  one  assume  that 
the  final  plain  sand  filters  in  Philadelphia  could  give  three  million 
gallons  per  acre  per  day  without  preliminary  filters,  even  if  very  large 
settling  reservoirs  were  being  used,  which  is  not  so,  except  in  the  case 
of  Upper  Roxborough?  All  of  the  English  filter  plants  are  provided 
with  large  settling  basins ;  some  of  them  hold  as  much  as  thirty  days' 
supply  or  more,  and  yet  the  average  rate  there  is,  as  stated  above, 
less  than  2  million  gallons.  It  would,  therefore,  appear  more  correct 
to  speak  of  the  capacity  of  the  plain  slow  sand  filters  as  2  million 
gallons  per  acre  per  day  rather  than  3  million  gallons. 

Concerning  mechanical  filters,  the  aun  has  been  to  force  the  water 
through  the  sand  at  very  high  rates,  say,  for  instance,  120  million 
gallons  per  acre  per  day,  or  sixty  times  more  than  by  the  slow  sand 
process.  It  can  be  easily  understood  that  if  it  has  been  found  necessary 
to  limit  the  permissible  rate  of  filtration  through  beds  of  sand  to  2.5 
million  gaUons  per  acre  per  day  (in  Germany  higher  rates  are  pro- 
hibited), satisfactory  results  can  hardly  be  expected  at  a  speed  fifty 
times  greater.  In  order  to  obtain  clear  water  at  such  rates  it  is  ne- 
cessary to  use  coagulants — that  is,  to  add  alum  or  sulphate  of  alumina 
to  the  raw  water  in  varying  proportions  according  to  its  degree  of 
turbidity;  and  it  is  now  recognized  that  an  insufficient  quantity  of 
coagulant  makes  the  filtered  water  unsatisfactory  in  a  bacterial  sense, 
while  an  excess  of  coagulant  makes  it  chemically  objectionable  and 
capable  of  injuring  health  in  various  ways;  moreover,  the  addition  of 
coagulant,  by  increasing  the  amount  of  suspended  matter  to  be  dealt 
with  by  the  filter,  shortens  the  period  of  service  between  two  cleanings. 
It  is  usual  to  obtain  from  the  slow  sand  filters  60  or  65  million 
gallons  of  water  per  acre  between  two  cleanings,  while  with  the  me- 
chanical filters,  with  coagulated  water,  it  is  seldom  possible  to  get  more 
than  40  or  45  million  gallons;  moreover,  in  the  slow  sand  filters  the 
sediment  collects  at  the  surface ;  in  the  mechanical  filters,  owing  to  the 
greater  velocity  of  the  flow  of  water,  the  sediment  penetrates  deep 
into  the  sand,  and  toward  the  end  of  the  operation  it  goes  right  through. 
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In  the  slow  sand  filters  it  is  sufficient  to  remove  an  inch  or  so  of 
dirty  sand  from  the  surface;  in  the  mechanical  filters  the  whole  volume 
of  sand  has  to  be  raised  by  reverse  current  and  agitated  or  otherwise 
handled  in  its  entirety  each  time  it  becomes  choked  and  refuses  to  work 
further. 

In  the  slow  sand  filters  the  period  between  two  cleanings  averages 
twenty-five  days;  in  the  mechanical  filters,  eight  hours;  so  that  it  can 
be  clearly  seen  that  it  is  not  the  quantity  of  water  filtered  that  governs 
the  period  of  cleaning  but  the  amount  and  nature  of  the  suspended 
matter  which  is  in  the  water  to  be  filtered ;  this,  at  times,  becomes  a 
very  serious  matter  for  both  systems,  but  more  particularly  for  the 
mechanical  filters,  because,  while  in  the  slow  sand  filters  an  increased 
quantity  of  sediment  may  shorten  the  runs  by  some  days, in  the  case  of 
mechanical  filters  it  reduces  them  to  hours.  The  number  of  extra 
mechanical  filters,  required  as  a  reserve  for  such  occasions,  in  order  to 
maintain  a  given  yield  of  filtered  water,  is  variously  estimated  at  from 
30  to  75  per  cent,  in  excess  of  what  is  necessary  for  normal  water. 
(See  pages  442  and  333,  "  Louisville  Filtration  Report,"  by  George  W. 
Fuller.)  You  will  also  understand  that  when  a  coagulant  is  used,  as  is 
the  case  with  mechanical  filters,  all  the  year  round,  a  considerable 
expense  is  entailed,  not  only  for  the  chemicals  but  also  for  the  opera- 
tion and  attendance. 

The  citizens  of  Philadelphia,  through  their  pubUc  filtration  com- 
mittees under  the  initiative  of  Mr.  Frank  J.  Firth  and  others,  have  long 
clamored  for  slow  sand  filtration.  The  experts  appointed  under  the 
late  administration  have  recommended  this  system  as  the  best  suited 
for  Philadelphia  water,  but  they  have  much  underestimated  the  quan- 
tity of  water  for  which  filter  plants  ought  to  be  provided.  They  have 
assumed  that  it  would  be  possible,  by  the  installation  of  meters,  to 
reduce  the  consimiption  of  water  in  Philadelphia  to  200  million  gallons 
daily.  If  it  is  assumed  that  Councils  and  the  people  are  ready  to 
agree  to  the  compulsory  use  of  meters,  it  would  take  many  years  and 
much  money  to  install  them.  We  would  venture  to  suggest  that  at 
the  present  moment  it  would  appear  as  if  the  taxpayers  would  rather 
pay  more  taxes  than  submit  to  meters.  Meters  or  no  meters,  the  city 
filter  plants  should  be  large  enough  to  deal  with  the  quantity  of  water 
now  being  pumped.  For  the  year  1902  the  average  daily  pumpage  was 
313  million  gallons  and  the  maximum  daily  pumpage  360  million 
gallons.  In  1903  the  average  daily  pumpage  had  risen  to  327  million 
gallons  and  the  maximum  daily  pumpage  to  384  million  gallons. 
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At  this  rate  of  increase,  therefore,  it  would  seem  advisable  to  have 
filter  plants  at  once  for  400  million  gallons  daily.  It  is  not  enough 
to  provide  for  the  average  consimiption*;  the  plant  must  be  able  to  give 
the  maximum  quantity  of  water  required  on  any  one  day.  At  present 
there  are  partly  constructed  or  imder  contract  in  Philadelphia  94 
filters  of  a  total  net  filtering  area  of  68  acres.  Assuming  that  one- 
sixth  of  this  area  is  out  of  service  for  cleaning,  there  would  remain 
56.66  acres  of  filtering  area  in  actual  service.  If  the  rate  of  filtration 
were  fixed  at  the  English  standard  of  1,600,000  gallons  per  acre  per 
day,  the  56.66  acres  would  give  daily  90  miUion  gallons ;  at  the  2  million 
gallon  rate,  113  million  gallons;  at  the  2.5  million  gaUon  rate,  141 
million  gallons,  and  at  the  3.0  milUon  rate,  170  million  gallons,  or  less 
than  half  the  quantity  of  water  required  in  Philadelphia. 

At  Washington  and  at  Pittsburg  the  filters  have  been  planned  on  a 
rate  of  2,200,000  gallons  per  acre  per  day.  At  this  rate  of  2,200,000 
gallons,  and  taking  the  maximimi  quantity  of  water  pumped  in  1903, 
namely,  384  million  gallons,  there  would  be  required  in  Philadelphia 
about  175  acres  of  net  filtering  area,  as  against  68  acres  actually  pro- 
vided. Considering  that  the  68  acres  with  the  purchase  of  land  and 
all  appurtenances  wiU  cost  about  $25,000,000,  you  can  judge  for  your- 
self as  to  the  amount  of  money  that  would  be  required  to  build 
filter  plants  nearly  three  times  larger. 

Mr.  John  W.  Hill,  the  able  engineer  who  has  been  entrusted  with 
the  gigantic  proposition  of  improving  the  Philadelphia  water-supply, 
has  realized  the  necessity  of  doing  something  to  increase  the  speed 
of  filtration,  and  he  has  satisfied  himself  that  preliminary  filtration 
would  meet  the  case.  The  author's  ideas  on  the  subject  were  sub- 
mitted to  the  city  of  Philadelphia  in  1900;  they  were  investigated  by 
Mr.  Hill  and  by  Messrs.  Hering  and  Fuller,  of  New  York.  The  results  of 
this  double  investigation  having  been  satisfactory,  public  competition 
was  invited  to  supply  a  preliminary  filter  for  the  Lower  Roxborough 
Filter  Station.  The  author's  bid  was  the  lowest.  You  have  seen 
the  plant  erected  and  working  since  October  last. 

In  a  report  made  on  February  27, 1904,  to  the  Finance  Committee 
of  the  City  Councils  of  Pittsburg,  Mr.  John  W.  Hill,  Mr.  Rudolph 
Hering,  and  Colonel  Alexander  H.  Miller  said: 

"  At  Philadelphia  preliminary'  filtration  is  a  fundamental  part  of  the 
present  works,  the  chief  object  of  which  has  been  to  reduce  the  area* 
of  filters  required  by  permitting  of  an  increase  in  the  rate  of  filtration 
per  unit  of  sand  surface.     Three  objects  are  sought  to  be  obtained  by 
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preliminary  filtration  of  the  water  before  it  is  passed  to  the  filters: 
(1)  An  increase  in  the  rate  of  filtration  per  acre;  (2)  a  prolonged 
(working)  period  of  the  filter  with  a  corresponding  reduced  cost  for 
maintenance;  (3)  abetter  control  of  the  water  applied  to  the  (final) 
filters  with  the  varying  conditions  of  the  raw  river-water." 

You  have  here  in  a  few  words  the  raison  d'iire  of  the  Lower  Rox- 
borough preliminary  filters;  but  there  is  a  fourth  object  which  appears 
to  have  escaped  the  experts  above  cited,  and  that  is  the  maintenance 
of  the  efficacy  of  the  final  sand  filters  and  the  preservation  of  the  best 
qualities  of  the  sand  layer. 

Any  one  familiar  with  the  management  of  slow  sand  filters  knows 
that  each  time  the  sand  is  washed  there  is  a  separation  and  waste  of 
some  of  the  finer  particles.  The  best  grade  of  sand  to  use  in  plain 
slow  sand  filters  is  that  which  passes  through  a  No.  14  sieve  and  is 
retained  on  a  No.  60.  In  some  cases  all  that  passes  through  a  No.  10 
and  is  retained  on  a  No.  80  has  been  accepted  as  satisfactory.  The 
different  grades  between  these  two  extremes  are  so  well  mixed  in  new 
sand  that  the  fine  particles  fill  the  voids  between  the  coarse  particles 
nicely,  and  you  can  easily  understand  how  a  layer  of  new  sand  two 
or  three  feet  deep  makes  a  very  good  filter-bed  capable  of  yielding  a 
good  quality  of  water  at  a  relatively  high  rate — three  or  even  four 
million  gallons  per  acre  per  day ;  but  this,  holds  good  only  as  long  as  the 
sand  is  quite  new;  when  it  has  been  cleaned  several  times  some  of  the 
finest  particles  have  been  washed  out  and  wasted  with  the  mud,  others 
have  been  blown  away  by  the  wind  (if  the  sand  has  remained  exposed 
in  the  courts  any  length  of  time),  and  as  the  nimiber  of  washing  opera- 
tions increases,  more  and  more  of  the  fine  particles  are  separated  from 
the  coarser,  particularly  with  the  system  of  the  hopper  washers  now 
in  vogue.  On  inspecting  any  of  the  latest  plain  slow  sand  filter  plants 
in  this  country  you  can  see,  on  the  one  hand,  the  washed  sand,  ac- 
cumulated in  the  courts,  visibly  stratified ;  and,  on  the  other,  small 
heaps  of  very  fine  sand  more  or  less  mixed  with  mud  gathered  from  the 
overflow  gullets  of  the  washing  machines.  This  very  fine  sand  is 
rewashed  and  thrown  in  with  the  coarser  sand,  but  as  you  can  nef*-**'" 
understand,  this  artificial  mixing  is  not  so  intimate:'  as  it  was 
washing;  the  consequence  is  that  some  parts  of  ihr  filtcr-ber 
filled  again  with  the  washed  sand,  are  composed  of  particles 
less  coarse,  while  other  parts  contain  sand  more  or  k^s  fine 
words,  the  original  quality  of  the  sand  has  gone;  it  growgi 
coarser  after  each  washing,  and  it  cannot  give  th<5  same 
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filtered  water  at  the  same  rate  as  when  it  was  new;  a  device,  there- 
fore, which  is  destined  to  reduce  the  number  of  cleanings  of  the  sand, 
must  of  necessity  b^  a  most  welcome  help  to  the  friends  of  slow  sand 
filtration. 

If  the  preliminary  filters  allow  the  final  slow  sand  filters  to  >ield 
180,000,000  gallons  of  water  between  two  cleanings  instead  of  60.- 
000,000  gallons  (the  classical  average  of  slow  sand  filters),  and  if 
we  assume  that  the  rate  of  filtration  is  the  same  in  both  cases,  two 
cleanings  out  of  three  would  be  saved  by  preliminary  filtration  and 
the  natural  life  of  the  sand,  as  an  effective  filter,  would  be  increased 
three  times.  If  the  rate  of  filtration  be  doubled,  the  life  of  the  sand 
will  still  be  increased,  and  the  per  million  gallon  cost  of  renewal  will 
be  correspondingly  reduced. 

It  has  been  stated  somewhere  that  preliminary  filtration  was  not 
new.  I  must  take  this  opportunity  to  place  on  record  that  the  kind 
of  preliminary  filtration  carried  on  at  Lower  Roxborough  is  entirely 
new.  The  so-called  fore-filters  of  Bremen  and  Schiedam  are  not 
preliminary  filters  at  all.  They  are,  as  Mr.  Hazen  calls  them,  a  double 
system  of  filtration;  "the  filters  are  all  upon  the  same  level  and  of  the 
same  construction.  When  a  filter  is  put  in  service  the  effluent  from 
it,  instead  of  being  taken  to  the  pure  water  reservoir,  is  taken  to  another 
filter  which  has  already  been  some  time  in  service.  After  the  first  filter 
has  been  in  operation  for  some  time  its  effluent  is  taken  to  the  pure  water 
reservoir,  and  in  turn  it  is  supplied  with  the  effluent  from  a  filter  more 
recently  cleaned." 

The  Lower  Roxborough  preliminary  filters  or  scrubbers  are  the  first 
application  of  true  preUminary  filtration  on  a  large  scale  at  a  high  and 
economical  rate,  and  it  will  no  doubt  interest  you  to  have  an  explana- 
tion of  the  principles  which  have  guided  their  conception  as  well  as 
some  of  the  details  of  construction  and  the  results  obtained. 

Principles  Involved  in  the  Lower  Roxborough  Preuminary 

Filters. 

A  new  thing  calls  for  a  new  name ;  pre-filter  is  the  name  given  by  the 
Bureau  of  Filtration ;  it  has  abo  been  called  roughing  filter,  preliminary' 
filter,  and  auxiliar}'  filter,  but  the  name  that  would  appear  to  best 
describe  what  is  expected  of  this  device  and  that  which  we  prefer  is 
"scrubber." 

The  Lower  Roxborough  preliminarv'  filters  or  scrubbers  are  not  in- 
tended to  filter  the  water  in  the  ordinar>'  sense,  the  act  performed  is 
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more  one  of  subsidence  than  of  straining.  In  filters,  generally,  the 
materials  used  are  supposed  to  have  pores  finer  than  the  particles  of 
suspended  matter  which  they  are  intended  to  retain.  In  the  pre- 
liminary filters  or  scrubbers  under  consideration  the  object  sought  has 
been  to  afford  plenty  of  room  for  the  accimiulation  of  mud  during  long 
periods  of  time,  without  choking  and  without  any  appreciable  loss  of 
head.  The  pores  or  passages  for  the  water  are  many  thousands  of 
times  larger  than  the  particles  of  suspended  matter  to  be  retained. 

In  the  Lower  Roxborough  preliminary  filters  the  water  enters  the 
bottom  and  rises  upward  through  materials  varying  in  size  from  3 
inches  to  1  inch.  Some  of  the  filters  are  filled  with  furnace  slag,  others 
with  coke.  In  future  installations  we  shall  recommend  coke,  because 
it  has  given  somewhat  better  bacterial  results. 

On  the  top  of  the  slag  or  coke,  which  occupies  41  inches  in  depth, 
there  are  14  inches  of  sponge  chppings  held  down  by  means  of  cedar 
slats  suitably  secured  in  place  by  yellow  pine  stringers,  blocks,  and 
steel  I-beams. 

The  water  leaves  in  the  slag  or  coke  materials  and  in  the  sponge 
layer  about  65  per  cent,  of  turbidity  and  about  80  per  cent,  of  bacteria. 

The  water  is  distributed  at  the  bottom  of  the  bed  through  two  lines 
of  6-inch  pipes  suitably  perforated  and  shown  in  Fig.  8.  It  rises 
vertically  through  the  materials  and  flows  at  the  upper  surface  in  an 
horizontal  plane  toward  the  outlet  weir,  which  indicates  the  quantity 
of  water  filtered>  Thus  described,  the  device  appears  ver>'  simple, 
but  it  is  not  without  considerable  study  and  experimenting  that  this 
apparently  simple  contrivance  has  been  evolved. 

Subsidence  in  Motion. 

When  it  is  desired  to  separate  suspended  matters  from  liquids  by 
absolute  rest,  it  is  advantageous  to  have  very  shallow  vessels  or  reser- 
voirs. When  these  are  deep,  convection  currents,  encouraged  by 
differences  of  temperature,  are  formed  in  the  body  of  the  water  and 
create  a  motion  which  prevents  the  lighter  particles  from  settling 
down ;  it  is  therefore  desirable  to  have  shallow  reservoirs  rather  than 
deep  ones  in  order  to  obtain  the  maximum  amount  of  clear  water  out 
of  a  given  amount. 

Figures  1,  2,  and  3  in  plate  I  show  this  principle  clearly.  In  figure 
1  are  three  imaginary  divisions,  a  a  a,  and  if  it  takes,  say,  one  hour  for 
the  solid  matters  to  fall  to  the  bottom  of  imaginar}'  compartment  A, 
it  will  take  two  hours  to  go  down  to  the  bottom  of  B,  three  hours  to 
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the  bottom  of  compartment  C,  and  four  hours  to  get  to  the  bottom  of 
D ;  if,  however,  there  were  three  compartments  with  real  divisions, 
b  b  b,  as  in  figure  2,  the  sediment  in  A  would  be  retained  on  the 
real  division  b  in  one  hour,  and  as  sedimentation  would  go  on  simul- 
taneously in  B,  C,  D,  the  whole  tank  full  would  be  clear  in  one  hour, 
because  the  sediment  in  one  division  would  not  interfere  with  the  clari- 
fication in  the  other  divisions;  in  other  words,  tank  2,  with  its  real 
divisions,  is  equivalent  to  tank  3,  which  is  four  times  wider  but  of  the 
height  of  one  of  the  compartments  A,  B,  C,  D. 

The  conclusion  to  be  drawn  from  this  iUustration  is,  that  as  far  as 
possible  the  water  to  be  subsided  should  be  divided  in  shallow  layers; 
and  what  is  true  of  water  at  rest,  is  equally  true  of  water  in  slow  motion. 

In  considering  the  sedimentation  of  water  in  motion  certain  prin- 
ciples are  met  with  which  are  well  worthy  of  consideration.  You 
have  aU  noticed,  when  standing  on  a  bridge  over  a  comparatively 
shallow  river,  how  the  flow  of  water  between  two  piers,  as  for  instance 
at  A,  figure  5  in  plate  I,  acquires  a  great  velocity  because  it  is  contracted 
into  narrower  limits  by  the  piers  themselves ;  inmiediately  after  this  con- 
traction it  is  divided  in  two  sections,  one  scouring  in  a  straight  line  and 
the  other  forming  whirlpools  and  eddies  behind  obstructions,  as  behind 
the  piers  at  B  and  in  the  open  and  quiescent  parts  of  the  river,  where 
sand  banks  or  islands  are  ultimately  formed,  as  at  C.  In  these  parts 
the  force  of  the  current  is  spent;  the  water  spreads  itself  over  a  com- 
paratively large  area;  the  eddy  movements  gradually  lose  their  force 
and  the  particles  of  suspended  matter  settle  down  because  their  specific 
gravity  is  too  great  for  the  reduced  velocity  of  the  water. 

The  conclusion  to  be  drawn  from  this  observation  is  that  instead 
of  endeavoring  to  obtain  an  even  motion  in  water  undergoing  the  pro- 
cess of  subsidence,  it  is  better  to  submit  it  to  various  degrees  of  velocity, 
preferably  by  alternate  contractions  and  expansions,  so  as  to  facilitate 
the  formation  of  eddies,  where  the  current  loses  itself  and  where  the 
suspended  matter  can  more  easily  settle. 

The  weight  of  the  particles  and  the  velocity  of  the  water  are  the 
factors  involved  in  subsidence.  This  is  well  illustrated  in  figure  4  in  plate 
I,  which  represents  in  a  crude  form  one  of  the  methods  of  separating 
valuable  metals  in  mining.  The  water  flows  down  an  inclined  plane, 
and  at  different  points  in  the  canal,  troughs  or  pools,  as  at  A,  B,  and  C, 
are  provided  of  different  capacities.  The  velocity  of  the  water  in 
passing  through  these  troughs  diminishes  according  to  their  areas,  so 
that  the  gold,  for  instance,  which  is  the  heaviest  metal,  remains  in 
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trough  A,  while  the  lighter  metals  stop  in  troughs  B  and  C,  according 
to  their  specific  gravity;  the  pulp  or  lightest  material  flows  away  to 
waste  with  the  water. 

Water  has  generally  a  tendency  to  travel  in  straight  directions,  like 
billiard  balls,  until  it  meets  with  obstacles ;  then  it  rebounds ;  thus  it  is 
that  in  reservoirs  there  is  a  tendency  for  the  incoming  stream  of  water 
to  flow  directly  from  the  inlet  to  the  outlet  without  mixing  to  any 
appreciable  degree  with  the  bulk  of  water  surrounding  it.  The  dif- 
ference of  temperature  between  the  incoming  water  and  that  in  the 
reservoir  helps  somewhat  this  direct  flow,  as  is  the  case  with  the  Gulf 
Stream  in  the  Atlantic.  It  is,  therefore,  natural  that  engineers  in 
charge  of  waterworks  should  have  thought  of  devising  means  to  check 
the  flow  of  water  in  reservoirs  by  means  of  baffles  or  division  walls. 
The  idea  of  baffle  plates  has  been  utiUzed  to  a  considerable  extent 
in  what  is  known  as  water-softening  apparatus  in  England,  France,  and 
Germany.  In  this  process  of  water  purification  chemical  reagents 
are  added  to  the  water,  a  precipitate  is  formed,  which  if  allowed  to 
flow  into  a  filter  of  any  kind  would  choke  it  in  a  very  short  time,  and 
the  whole  system  would  become  impracticable  on  account  of  the  excess 
of  labor  required  to  keep  the  filters  in  working  order.  Inventors, 
therefore,  have  designed  a  niunber  of  baffle  systems  of  every-  shape 
and  form.  We  will  here  show  only  three  or  four  examples  to  indicate 
general  principles. 

Figure  6,  plate  I,  represents  a  tank  with  plain  vertical  baffles  in 
which  the  water  travels  down  and  up  again.  As  the  different  parti- 
tions are  equally  distant  from  one  another  the  velocity  of  flow  is  the 
same  in  all  of  them,  and  there  is  no  reason  why  particles  which  do 
not  settle  in  the  first  section  should  settle  in  the  second.  Floating 
particles  which  might  have  a  tendency  to  settle  in  the  first  compart- 
ment are  carried  by  and  with  the  down-current.  In  the  next  com- 
partment the  same  suspended  particles  are  prevented  from  falling 
down  by  the  upward  flow  of  the  water.  The  two  contrary  forces, 
upward  flow  and  gravitation,  neutralize  one  another  practically  all  the 
way  through  the  tank.  This  baffle  tank  is  therefore  more  of  the 
nature  of  an  agitating  device  than  a  subsiding  one. 

In  figures  7  and  8  plate  I  the  baffles,  instead  of  being  vertical,  are 
placed  at  different  angles.  There  also  the  greater  part  of  the  space  is 
lost  to  subsidence.  The  suspended  particles  are  either  carried  down 
with  the  downward  flow  or  prevented  from  falling  by  the  upward  flow. 
Only  a  small  space  at  the  lower  angle  of  the  baffle  plates,  shown  by  heavA- 
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black  lines,  in  figure  8,  is  quiescent  enough  to  allow  of  real  subsidence. 
Figure  9  plate  I  shows  a  system  of  baffles  which  the  author  has  in- 
vented and  which  puts  into  practice  several  of  the  principles  alluded 
to  in  this  paper,  namely — 

The  division  of  the  water  into  shallow  layers. 

The  increase  and  decrease  in  the  velocity  of  flow. 

The  upward  flow  of  the  water  with  the  greatest  velocity  is  the  upper 
film  in  each  division,  while  the  bulk  of  the  water  lags  behind  in  the 
center  of  the  hollow  cones  and  around  the  cones,  where  it  moves  with  a 
very  slow  eddy  motion  and  is  therefore  in  the  best  of  conditions  for 
subsidence. 

This  is  easily  seen  by  throwing  a  few  drops  of  coloring-matter,  such 
as  potassium  permanganate,  in  the  water  over  the  apex  of  the  cone; 
the  color  shows  the  movement  of  the  water;  it  seems  to  shoot  straight 
up  and  then  to  spread  itself  horizontally  at  the  surface  all  aroimd; 
finally,  dipping  down  at  the  periphery  of  the  tank  to  form  a  kind  of 
vertical  eddy.  This  contrivance  is  thoroughly  satisfactory  for  a  small 
plant,  but  it  would  be  impracticable  for  large  installations,  on  account 
of  the  cost  of  construction. 

Figure  10  plate  I  represents  the  same  principles  applied  by  the 
author  to  the  preliminary  clarification  of  the  water  on  a  large  scale. 
It  is  the  outcome  of  the  study  which  precedes. 

Ridges  of  slates  are  substituted  for  conical  baffles ;  they  are  laid  at 
a  slight  angle,  each  row  in  a  contrary  way,  so  as  to  compel  the  water 
to  flow  in  some  sort  of  spiral  direction.  In  this  device,  as  in  figure  9, 
the  water  flows  upward  and  the  sediment  is  deposited  on  the  upper 
surface  of  the  slates.  In  order  to  maintain  these  slates  or  baffles  -at 
suitable  distances  from  one  another,  materials  which  we  will  call 
"  impedimentors,''  varying  in  size  from  1  inch  to  2  inches,  are  placed 
between  them.  Each  piece  of  this  material  acts  in  the  same  manner 
as  the  slate ;  as  the  water  flows  upward  eddies  are  formed  on  the  sur- 
face of  each  impedimentor,  which  then  becomes  a  part  of  the  depositing 
ground  for  the  mud. 

In  the  Lower  Roxborough  preliminary  filters  the  slates  have  been 
omitted.  The  impeding  materials  used  in  the  upper  layers  are  some- 
what smaller:  the  smallest  varying  from  |  inch  to  1  inch.  This, 
however,  is  still  big  enough  to  act  according  to  the  principle  which  the 
author  has  been  trying  to  explain,  wherein  the  action  is  one  of  sub- 
sidence in  motion,  characterized  by  eddy  formation,  and  not  one  of 
true  filtration. 
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To  remove  the  mud  which  accumulates  on  the  coarse  impedimentors 
two  operations  are  resorted  to :  one,  that  of  simple  flushing  by  opening 
a  large  valve  at  the  bottom  of  the  bed;  in  this  operation  the  somewhat 
rapid  downflow  of  the  water  carries  away  a  portion  of  the  mud ;  the 
other,  directing  a  jet  of  water  vertically  down  on  these  impedimentors, 
when,  of  course,  the  elastic  layer  is  removed.  The  latter  operation, 
by  pouring  a  large  quantity  of  water  in  one  particular  spot  at  one  time, 
forces  nearly  all  of  the  mud,  accumulated  on  the  surface  of  the  impedi- 
mentors at  that  particular  place,  to  go  down  the  drain ;  the  jet  is  system- 
atically applied  by  hand  all  over  the  bed. 

As  you  have  seen,  there  is  on  the  top  of  the  slag  an  elastic  layer  made 
up  of  sponge.  This  material  has  been  selected  because  it  is  light  and 
therefore  easy  to  handle;  because  it  is  porous  in  the  extreme  and 
affords,  more  than  any  other  substance,  room  for  the  mud,  and  also 
because  it  is  incapable  of  decomposition  in  water.  Sponge  is,  in  fact, 
an  ideal  natural  filter. 

In  the  Lower  Roxborough  preliminary  filters  it  is  practically  un- 
compressed and  it  affords  an  extraordinary  amount  of  room  for  the 
mud,  so  that  it  can  work  constantly  for  three,  four,  and  even  six 
months  at  the  rate  of  48  to  60  million  gallons  per  acre  per  day  without 
becoming  choked. 

Sponge  as  it  comes  from  the  sea  contains  in  its  pores  a  slimy  matter 
called  "  gurry "  which  is  removed  by  exposure  on  the  seashore  to  the 
alternate  action  of  the  tidal  waters  and  to  the  sun's  rays.  In  this 
process  the  "  gurry  "  oozes  out,  and  after  a  short  time  nothing  but  the 
skeleton  is  left  and  the  sponge  is  said  to  be  "  cured."  This  skeleton, 
which  is  composed  of  silica,  lime,  potash,  iodine,  and  other  minerals, 
is  an  intricate  mass  of  homy  elastic  threads — a  network  permeated  by 
numberless  tubes  which  can  be  reduced  to  two  systems,  one  leading 
from  the  interior  outwardly,  and  the  other  from  the  external  surface 
toward  the  interior. 

Other  elastic  materials,  such  as  peaty  fiber,  excelsior,  etc.,  may  be 
used  for  the  same  purpose,  but  the  amoimt  of  work  done  by  these 
substitutes  or  the  facility  of  cleaning  is  not  so  great  as  is  the  case  with 
sponge,  which  is  the  ideal  material  for  the  purpose  in  view — ^namely, 
to  act  as  porous  impedimentors  in  the  way  of  the  flowing  water. 

There  is  an  old  saying  in  Germany,  that  "  when  water  has  run  over 
nine  stones  it  has  cleared  itself."  The  particles  of  suspended  matter 
adhere  to  the  surfaces  of  the  stones  with  which  they  come  in  contact. 
This  is  often  seen  in  shallow  creeks  which  pass  through  villages.    The 
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adhesive  action  whereby  the  small  particles  of  dirt  in  the  water  hang 
on  to  the  big  pieces  of  filtering  or  obstructing  materials,  of  course, 
prevails  to  a  great  extent  in  the  Lower  Roxborough  preliminary 
filters,  both  in  connection  with  the  slag  and  the  sponge,  but  we  main- 
tain that  the  influence  of  this  adhesive  principle  is  small  as  compared 
with  the  subsiding  action  to  which  we  have  given  so  much  attention. 

An  exhaustive  inquiry  was  made  in  1901  and  1902,  by  Messrs.  Hering 
and  Fuller,  into  the  practicabiUty  of  the  preliminary  filters  or  scrubbers, 
now  under  consideration,  to  aid  in  solving  economically  the  problem 
of  purifying  the  Philadelphia  water-supply  by  the  slow  sand  system. 
A  report  entitled,  "  Report  on  the  Investigations  made  at  Philadelphia 
into  the  Maignen  System  of  Water  Purification  for  Municipal  SuppUes, 
by  Rudolph  Hering  and  George  W.  Fuller,  May  3,  1903,"  was  made 
upon  the  operation  of  the  scrubbers  at  our  Philadelphia  experimental 
station  and  at  the  city  testing  station  at  Spring  Garden.  The  follow- 
ing extracts  from  this  report  may  not  be  without  interest. 

"  Does  a  scrubber  allow  a  final  filter  to  be  operated  at  a  higher  rate  than 
when  the  preparatory  treatment  is  obtained  by  settling  basins  alone  f 

"  Regarding  the  relative  fitness  for  final  filtration  of  a  settled  water 
(for,  say,  one  to  three  days)  and  a  scrubber  effluent,  it  is  to  be  remem- 
bered that  the  greater  clearness  of  the  latter  is  not  the  only  difference. 
The  scrubber  effluent  is  purer  from  a  bacterial  standpoint,  as  the  per- 
centage removal  of  bacteria  in  the  river-water  by  sedimentation  and 
by  scrubbing  is  about  40  and  80  respectively  on  an  average.  Thus, 
the  purity  of  the  scrubber  effluent  would  be  three  times  as  great  as 
that  of  the  settled  water."  [Twenty  per  cent,  of  the  bacteria  are  left 
in  the  water  from  the  scrubber  instead  of  60  per  cent,  left  in  the  water 
from  the  settling  basin.] 

"  In  a  number  of  places  it  has  been  found  that  when  a  water  has 
been  filtered  once,  under  ordinary  conditions  as  to  rate  and  materials 
of  filtration,  a  second  filtration  is  sometimes  of  very  Uttle  or  no  benefit. 
The  reason  assigned  for  this  experience  is  that  the  first  filtration 
removes  those  constituents  which  are  necessary  in  order  to  ripen  a 
filter,  through  the  estabUshment  of  gelatinous  films  around  the  sand 
grains,  and  of  certain  biological  processes. 

"This  aspect  of  the  matter  has  received  very  careful  attention,  and 
the  evidence  shows  that  excellent  results  may  be  regularly  oh 
from  the  filtration  of  the  Philadelphia  water  after  it  has  passed 
a  scrubber.    The  construction  of  the  latter  and  its  rate  of  filti 
not  seem  to  impoverish  the  local  water  prejudicially  as  to  th 
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stituents  needful  for  developing  and  maintaining  the  final  filter  in  a 
well  ripened  and  efficient  condition. 

"  Having  ascertained  that  the  scrubber  effluent  in  no  way  lessens 
the  efficiency  of  final  filtration,  the  question  can  now  be  taken  up  as 
to  whether  it  allows  the  final  step  in  the  complete  process  of  purifica- 
tion to  be  carried  on  at  a  higher  rate  than  in  the  case  of  settled  water. 
The  evidence  at  hand  indicates  that  this  is  so,  and,  should  there  arise 
any  disturbing  factors,  the  effect  of  such  would  be  less  marked  with  the 
scrubber  effluent,  which  of  itself  represents  a  substantial  purification  of 
the  river-water.  In  short,  the  application  of  a  scrubber  effluent  of  the 
character  noted  would  insure  a  greater  degree  of  stability  to  the  final 
filters,  other  conditions  being  the  same. 

"  From  the  above  statement  it  logically  follows  that  with  a  scrubber 
effluent  the  same  degree  of  stability  would  be  obtained  at  a  higher  rate 
of  ffltration  than  in  the  case  of  settled  water.  In  practice  we  certainly 
believe  that  this  would  be  true. 

"Does  a  scrubber  prepare  the  raw  water  so  as  to  allow  the  final  filter 
to  be  operated  more  cheaply  than  when  settling  ba^ns  are  used  f 

"  Experience  shows  that  as  a  general  proposition  the  cost  of  operat- 
ing large  filter  plants  of  the  type  under  consideration  is  prop>ortional 
to  the  amount  of  clogged  material  removed  per  unit  volume  of  water 
treated.  This  statement  assumes,  of  course,  comparable  conditions 
as  to  facilities  and  wages  of  laborers,  and  disregards  such  special 
features  as  removal  of  ice  from  open  filters.  The  cost  of  executive 
and  laboratory  control  is  also  excluded,  as  this  is  not  directly  related 
to  the  character  of  the  water  after  it  has  been  prepared  for  final  fil- 
tration. 

"Experience  at  several  places  also  shows  that,  approximately 
speaking,  the  amount  of  clogged  material  to  be  removed  from  filters, 
other  things  being  equal,  is  proportional  to  the  turbidity  (within 
ordinary  limits)  of  the  applied  water. 

"  When  raw  water  is  applied  to  filters,  complications  arise  in  some 
instances  from  algge  growth  and  suspended  organic  (amorphous) 
matter,  which  clogs  a  fflter  to  an  excessive  degree  in  proportion  to  its 
turbidity.  Notwithstanding  the  obscuring  of  data  by  a  variety  of 
causes  in  practice,  this  principle  is  a  correct  one.  From  the  foregoing 
it  follows  that  the  cost  of  filter  operation  is  approximately  proportional 
to  the  turbidity  of  the  applied  water,  and  upon  this  principle  rests  one 
of  the  principal  merits  of  the  scrubber. 

"Available  evidence  indicates  that  settled  water  at  Philadelphia 
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would  average  about  20  parts  of  turbidity.  With  filters  operated  at  a 
6  million  gallon  rate  and  a  4-foot  loss  of  head,  the  yields  between 
cleanings  would  probably  average  about  70  million  gallons  per  acre,  and 
the  average  depth  of  scraping  about  three-fourths  of  an  inch.  This 
makes  the  amount  of  clogged  material  to  be  handled  about  1.5  cubic 
yards  per  million  gallons  of  water  filtered.  As  to  the  average  turbidity 
of  a  scrubber  effluent,  it  would  probably  be  between  5  and  10  parts. 
We  consider  that  there  is  every  reason  to  believe  that  the  average 
filter  yield  between  cleanings  would  be  about  twice  as  great  as  with 
settled  water,  other  things  being  equal:  hence  it  is  concluded  that  a 
scrubber  effluent  as  compared  with  settled  water  would  reduce  the 
cost  of  filter  operation  by  about  50  per  cent. 

^'How  do  the  costs  of  preparing  the  local  river-water  by  settling  basins 
and  by  scrubbers  compare  f 

"  From  the  evidence  presented  up  to  this  time  it  is  to  be  gathered 
that  a  scrubber  could  give  additional  stabiUty  to  a  system  of  purifi- 
cation in  which  a  high  rate  of  filtration  is  employed;  it  is  entitled  to 
certain  financial  credit  by  making  feasible  those  relatively  high  rates 
of  filtration;  and  it  could  reduce  by  about  50  per  cent,  the  cost  of 
filter  operation.     .     .     . 

^^Preparation  for  filtration  of  Philadelphia  river-water  in  settling 
basins. 

"  When  water  approaches  quiescence  the  matters  suspended  in  it  are 
to  a  greater  or  lesser  degree  deposited.  The  rate  of  deposition  depends 
upon  the  remaining  velocity  of  the  water  in  connection  with  the  sub- 
siding value  of  the  suspended  particles.  Velocities  are  affected  by 
relative  temperatures  of  water  and  air,  and  by  the  degree  of  baffling 
which  exists  in  a  basin  to  prevent  water  from  passing  from  the  inlet 
to  outlet,  and  thus  putting  a  portion  of  the  basins  out  of  service, 
practically  speaking. 

*'  It  is  customary  in  practice  to  refer  to  the  degree  of  settling  as  the 
period  corresponding  to  the  duration  of  flow  required  in  order  to  fill 
the  basin ;  such  a  period  is  hardly  obtained  as  a  matter  of  fact,  as  much 
of  the  water  passes  out  in  less  than  this  time. 

"General  experience  indicates  that  as  a  rule  it  is  not  economical 
or  advisable  to  continue  plain  sedimentation  in  water  purification 
works  to  more  than  about  24  hours.     Exceptions  of  course  are  ♦'^  ^'^ 
found  where  this  factor  has  to  be  considered  with  reference  tc 
portions  of  some  works.     .     .     . 
3 
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"  Preparation  for  filtration  of  Philadelphia  river-waters  with  scrubbers. 

"  Regarding  the  best  kind  of  elastic  layer  tb  use,  it  has  been  found 
that  sponge  clippings  are  somewhat  more  efficient  than  peaty  fibre. 
So  far  as  can  be  ascertained  there  is  available  a  sufficient  quantity  of 
sponge  clippings  to  serve  all  needs  in  view.  Should  prices  become 
excessive  for  this  commodity,  peat  or  similar  material  might  be  sub- 
stituted temporarily.  As  to  the  life  of  sponge  clippings  in  a  scrubber 
there  is  no  evidence  of  chemical  decomposition,  owing  to  the  mineral 
nature  of  the  product.     .     .     . 

"As  a  scrubber,  as  well  as  settling  basins,  would  be  operated  in 
comiection  with  filters,  it  is  unnecessary^  to  make  any  extra  chaise  for 
watchmen,  or  for  executive  and  laboratory^  supervision.  The  valves 
would  need  regulating  at  only  infrequent  intervals,  and  ordinarily 
could  be  attended  to  by  the  men  engaged  in  cleaning  the  device.     .     . 

"Comparison  of  efficiency  and  cost  of  preparatory  treatment  of  settling 
basins  and  scrubbers. 

"The  available  evidence  indicates  that  the  average  removal  of 
turbidity  from  the  local  river-waters  by  settling  basins  (twenty-four 
hours'  capacity)  and  scrubbers  would  approximate  about  30  and  65 
respectively.  Regarding  bacteria  these  percentages  are  estimated 
at  40  and  80  respectively. 

"  As  to  the  residual  turbidity  of  the  treated  water,  during  all  ordinary- 
conditions  in  the  river,  it  is  estimated  that  it  would  be  about  20  and  10 
parts,  respectively.  The  probabilities  are  that  a  scrubber  effluent  is 
much  more  likely  to  average  less  than  10  parts  than  is  a  settling  basin 
less  than  20  parts.     .     .     .'' 

The  following  are  some  of  the  conclusions  of  the  report  from  which 
we  have  just  made  extracts. 

"...  The  practicability  of  the  higher  rate  through  the  sand  layer 
(6  million  gallons  per  acre  per  day)  of  the  final  filter  in  the  Maignen 
system  is  accounted  for  by  the  better  preparation  of  the  water  for  fil- 
tration. This  preparation  of  the  water  is  accomplished  chiefly  by  the 
scrubbers.     .     .     ." 

"Scrubbers  as  compared  with  settling  basins  make  higher  rates  of 
filtration  feasible  in  the  final  filters,  perhaps  double  according  to  the 
prevailing  practice,  and  therefore  effect  in  the  latter  a  decided  re- 
duction in  the  cost  of  filter  construction." 

"Where  reservoirs  already  exist  scrubbers  will  reduce  the  cost  of 
operating  the  final  filters  sufficiently  to  save  their  own  total  cost,  in 
addition  to  the  saving  effected  by  the  smaller  area  of  the  filters." 
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"Where  reservoirs  are  not  yet  built  scrubbers  will  effect  a  saving 
of  70  cents  per  million  gallons  of  water  purified,  in  addition  to  the 
saving  effected  by  tiie  smaller  area  of  the  filters." 

We  have  already  stated  in  this  paper  that  filtere  are  not  clogged  in 
proportion  to  the  quantity  of  water  filtered,  but  in  proportion  to  the 
quantity  of  mud  in  the  water  which  is  filtered.  We  have  cited  Messrs. 
Hering  and  Fuller  on  the  same  subject  in  relation  to  the  cost  of  clean- 
ing filters,  and  we  refer  to  the  same  subject  again  because  we  believe 
that  in  future  the  students  and  experts  in  the  art  of  filtration  will  find 
it  more  correct  to  state  results  in  terms  of  imits  of  mud  than  units  of 
water,  or,  rather,  that  they  will  find  a  coefficient  between  mud  and 
water. 

All  water  intended  to  be  filtered  may  practically  be  considered  as 
a  mud  solution  with  different  degrees  of  density  or  saturation.  The 
mud  in  the  water  has  lately  been  mostly  represented  in  terms  of  parts 
per  million  by  the  silica  standard.  This  standard  is  considered  the 
most  reliable  and  quickest  optical  test.  It  does  not,  however,  give 
the  exact  amount  by  weight  of  mud  in  the  water. 

Mr.  R.  S.  Weston,  in  his  report  to  the  Sewerage  and  Water  Board  of 
New  Orleans,  1903,  gives  the  turbidity  coefficient  of  the  Mississippi 
River  water  as  1.08;  after  seventy-two  hours'  subsidence  this  turbidity 
coefficient  becomes  0.76.  In  other  words,  when  the  water  drawn 
direct  from  the  river  shows  100  parts  by  the  silica  standard  it  may  be 
presumed  that  there  are  108  parts  by  weight  of  suspended  matter;  but 
when  the  same  water  has  been  allowed  to  subside  in  a  reservoir,  the 
heaviest  and  bulkiest  particles  of  suspended  matter  fall  to  the  bottom, 
and  what  is  left  for  measurement  by  the  silica  standard  is  extremely 
fine  (and  yet  sufficient  to  obscure  the  light),  and  then  the  100  part«  of 
turbidity  by  the  silica  standard  is  equivalent  to  only  76  parts  by 
weight  of  suspended  matter. 

It  will  be  observed,  then,  that  there  is  quite  a  large  field  open  for 
investigation,  tabulations,  and  formulae  to  indicate  the  density  of 
the  mud  solutions  of  river-waters  intended  for  purification  by  filtration. 

To  ascertain  in  a  rough  and  ready  manner  the  amount  of  work  done 
by  the  Lower  Roxborough  preliminary  filters  and  to  compare  it  with 
that  of  downward  sand  filters,  we  have  taken  a  certain  quantity  of 
sponge  out  of  a  scrubber  and  weighed  it  before  and  after  washing. 
The  differences  gave  the  weight  of  mud  retained  by  the  sponge.  As  a 
further  test  we  have  filtered  the  muddy  wash-water  through  a  paper 
filter  and  weighed  the  residue ;  this  has  given  the  same  result  as  the 
difference  between  the  sponge,  dirty  and  clean. 
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We  have  operated  in  the  same  way  with  dirty  sand  taken  from  the 
top  of  a  plain  slow  sand  filter.  It  wviS  weighed  before  and  after  wash- 
ing and  the  wash-water  was  filtered  and  the  mud  collected  and  weighed. 
We  then  found  that  1  poimd  of  sponge  had  retained  5  pounds  of  mud, 
while  1  pound  of  sand  had  retained  only  -^^  of  a  pound .  In  other  words , 
a  given  quantity  of  sponge  collects  in  its  pores  160  times  more  mud 
than  the  same  quantity  of  sand. 

It  might  be  said  here  that  neither  the  sponge  nor  the  sand  was  dirty 
to  saturation ;  both  samples  were  taken  from  actual  filters  just  put  out 
of  service,  and  it  might  be  said  that  if  allowed  to  remain  longer  in 
service  both  the  sponge  and  the  sand  would  have  collected  more  mud, 
but  it  is  presumable  that  the  proportions  would  be  the  same  at  any 
stage  of  saturation. 

The  slag  or  coke  layer  which  composes  the  lower  part  of  the  pre- 
liminary filters  has  a  mud-storing  capacity  much  greater  still  than  the 
sponge  layer,  and  thus  can  be  explained  the  fact  that  these  preliminary' 
filters  or  scrubbers  can  go  on  working  for  four  months  or  more  at  the 
rate  of  48  million  gallons  per  acre  per  day  \\ithout  being  choked,  while 
a  plain  slow  sand  filter  bed  usually  gets  clogged  after  thirty  days,  woric- 
ing  at  the  rate  of  2  million  gallons  per  acre  per  day,  and  a  mechanical 
filter  after  eight  hours,  working  at  the  rate  of  120  million  gallons  per 
acre  per  day. 

The  amount  of  mud  collected  by  the  preliminar}'  filter  averages 
65  per  cent.,  but  to  be  conservative  we  shall  say  60  per  cent. 

The  capacity  of  plain  slow  sand  filters  for  removing  turbidity  has 
been  found  at  Washington,  in  experiments  carried  on  by  Colonel 
A.  M.  Miller,  to  amount  to  80  per  cent.  (See  letter  from  the  Secretary- 
of  War  to  Congress,  entitled  "  Feasibility  and  Propriety  of  Filtering 
the  Water  Supply  of  Washington,  I).  C,"  March  31,  1900,  pages  41 
and  42.)  In  Philadelphia,  in  practice,  at  the  Roxborough  filter 
plants,  it  has  been  found  to  reach  fully  97  per  cent.,  and  for  the  pur- 
pose of  our  illustration  we  will  suppose  that  the  plain  slow  sand  filter 
can  remove  the  latter  quantity. 

The  yearly  average  turbidity  of  the  Schuylkill  raw  river-water  is 
85  parts  by  the  silica  standard.  In  the  winter  months  the  removal 
of  turbidity  by  twenty-four  hours'  sedimentation  appears  to  be  20 
per  cent.,  and  in  the  summer  months  about  40  per  cent.,  making  an 
average  of  30  j)er  cent,  for  the  whole  year.  The  estimated  removal 
of  turbidity  by  reservoirs  is  not  strictly  accurate,  on  account  of  the 
mixing  of  the  first  water  of  a  freshet  with  the  clear  water  of  the  reser- 
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voir,  but  the  above  estimate  may  be  taken  as  correct  for  all  practical 
purposes.  The  Schuylkill  water,  therefore,  may  be  estimated  to 
contain,  when  leaving  the  sedimentation  reservoirs:  85  —  85  X^ 
=^  59.5  parts — say  60  parte — of  turbidity  by  the  silica  standard. 

One  million  gallons  of  Schuylkill  water  coming  out  of  the  reservoir 
would  therefore  contain  1  million  gallons  multiplied  by  60  parte 
(gallons)  —  60  gallons  of  mud.  There  are  7.48  gallons  in  a  cubic 
foot.  The  number  of  cubic  feet  of  mud  in  a  million  gallons  of  water 
is,  therefore,  ^^  =  8  cubic  feet. 

Mr.  R.  S.  Weston,  in  his  report  to  the  New  Orleans  Sewerage  and 
Water  Board  (page  101),  states  that  a  cubic  foot  of  dry  mud  weighs 
81  pounds.  A  million  gallons  of  settled  Schuylkill  water  would 
therefore  contain  8  multiplied  by  81  =  648  pounds  of  dry  mud. 

Preliminary^  filters  cost  at  the  outside  $7,000  per  million  gallons 
daily  capacity.  Counting  5  per  cent,  for  interest  and  depreciation, 
this  gives,  $7,000  X  y^Q  —  $350  per  annum,  or  1  milUon  gallons 
multiplied  by  ^  =  96  cente  per  million  gallons  scrubbed.  This 
is  a  fixed  charge  for  the  preliminary^  filtration  of  the  water. 

At  Lower  Roxborough  the  cost  of  operation  and  maintenance  of 
the  preliminary'  filter  is  estimated  at  75  cents  per  million  gallons. 
The  total  cost  of  treating  the  water  by  this  preliminary  process  is 
therefore : 

Fixed  charges, 0.96 

Operation, , .   0.75 

Total, $1.71  per  million  gallons  of  water  scrubbed. 

One  acre  of  plain  slow  sand  filter  costs  anywhere  between  $100,000 
and  $250,000.  For  the  purpose  of  this  illustration  we  will  take  $125,- 
000  per  acre  as  the  correct  price.  The  yield  of  plain  slow  sand  filters, 
according  to  the  latest  estimates  made  by  experte,  is  2.22  million  gallons 
per  acre  per  day.  The  cost  of  plain  slow  sand  filters  can  therefore 
be  estimated  at  ^^^^  =  $56,000  per  million  gallons  daily  capacity. 

The  interest  and  depreciation  at  5  per  cent,  on  $56,00  ==  $2,800 
per  annum.  This  gives  ^^  --  $7.67  \>vr  niiliion  galluJit?  fillrn.^d,  as 
a  fixed  charge. 

The  cost  of  operating  plain  slow  sand  fillen^  h  *  ijited 

at  from  $3.00  to  $5.00  per  million  galloti: 
more  nearly  correct  estimate.     The  tcital  t'lM 
gallons  of  water  by  the  plain  slow  sand  f\\u?v  i 

Interest  and  depreciation, $7.67 

Operation, 4.00  \ 

Total, ^1.6'7  V  r  in  mi 


■7  \ 
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We  have  seen  that  to  treat  1,000,000  gallons  through  the  scrubber 
costs  $1.71.  With  a  plant  dealmg  with  20  million  gaUons  of  water 
daily,  the  annual  cost,  including  fixed  charges  and  operation,  would 
therefore  be:  20  million  gallons  multiplied  by  365  days  at  $1.71  — 
$12,483  per  annum. 

The  water  is  supposed  to  contain  60  parts  of  suspended  matter 
per  million  gallons,  or  648  pounds.  Twenty  million  gallons  of  water 
would  therefore  contain:  20  multiplied  by  365  days  multiplied  by 
648  pounds  —  4,720,000  pounds  or  2,360  tons  of  mud  per  annum.  The 
scrubber  removes  60  per  cent,  of  this,  or  2,360  X  ^  =  1,416  tons, 
per  annum. 

If  1,416  tons  of  mud,  retained  by  the  scrubber  during  the  year, 
cost  $12,483,  one  ton  of  mud  will  cost  *J'^^  ==  $8.80. 

We  have  also  seen  that  a  million  gallons  of  water  filtered  by  the 
plain  slow  sand  filtere  costs  $11.67.  Twenty  million  gallons  of  water 
daily  will  therefore  cost  20  multiplied  by  365  at  $11.67  ^  $85,191 
per  annum. 

Assuming  that  97  per  cent,  of  the  mud  is  removed  by  the  plain 
slow  sand  filters,  we  shall  have  2,360  tons  x  ^  —  2,289  tons  per 
annum.  If  2,289  tons  of  mud,  retained  by  the  plain  slow  sand  filter, 
costs  $85,191,  one  ton  of  mud  will  cost  ^fi^^f  --  $37.66.  It  Ls  there- 
fore clear  that  by  dividing  the  process  of  purification  into  two 
parts — scnibbing  and  filtering — a  considerable  economy  will  be 
obtained,  which,  based  upon  units  of  mud,  can  be  represented  as 
follows:  Single  filtration  by  plain  slow  sand  filters:  97  per  cent, 
of  2,360  tons  -  -  2,289  tons,  which  at  $37.66  =-    per  annum,.  .$85,191.00 

If  the  water  is  first  passed  through  the  scrubber, 
60  per  cent,  of  the  mud  will  be  removed;  60  per 
cent,  of  2,360  tons  --  1 ,416  tons  at  $8.80  =  $12,483 

The  mud  left  for  the  final  slow  sand  filter  to 
remove  amounts  to  40  per  cent.,  of  2,360  tons  = 
1,416  tons  ^-944  tons. 

The  plain  slow  sand  filter  will  remove  97  percent. 

of  944  tons,  at  a  cost  of  $37.66  per  ton  --  '^^^^^  J^.^'^ 

'  $»^/,lo<.00 

This  represents  an  economy  of  $37,157.00  per  annum  for  a  filter 

plant  dealing  with  twenty  million  gallons  of  river- water  daily,  of  the 

character  of  the  Schuvlkill. 
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Some  Details  of  Construction  and  Operation. 

The  topography  of  the  ground  adjacent  to  the  sand  filter  beds  at 
Lower  Roxborough  made  it  necessary  to  construct  an  embankment  of 
earth,  averaging  12  feet  in  height,  for  the  erection  of  the  preHmin- 
ary  filters.  The  micaceous  soil  of  the  locality  was  used  and  was 
rolled  in  layers  of  6  inches  with  a  10-ton  steam-roller.  Twelve  inches 
of  puddle  was  placed  all  over  the  surface. 

It  is  usual,  when  building  concrete  work  on  made  ground,  to  allow 
a  certain  time,  preferably  a  winter,  to  pass  before  building,  in  order 


Fig.  4. — Scrubber  Housk  During  Construction. 


to  allow  the  ground  to  settle;  when  this  time  cannot  be  secured,  it 
is  good  practice  to  strengthen  the  concrete  by  expanded  metal  or  its 
equivalent.  The  embankment  for  the  Lower  Roxborough  preliminary' 
filters  was  so  carefully  made  that  it  was  considered  fea>sible  to  lay 
the  concrete  on  the  ground  as  soon  as  the  puddle  was  in  place;  and 
no  special  measures  were  taken  against  settlement.  It  was  assumed 
that  the  small  settlement  that  might  take  place  would  be  unifor 
and  therefore  not  likely  to  affect  the  concrete  of  the  filter  tanks, 
a  matter  of  fact,  there  have  been  no  settling  breaks  in  the  walli 


68  Ohen—^The  Fragility  of  Iron  and  Sled. 

1.  The  method,  by  usmg  small  specimens,  reduces  the  cost  of  test 
pieces  and  their  preparation,  thereby  furthering  the  great  production 
of  tests  and  thus  aiding  in  establishing  a  standard  homogeneity  test. 

2.  The  small  specimen  permits  of  toting  thin  plat^,  both  with 
and  across  the  rolling,  as  well  as  the  possibility  of  testing  parings, 
or  clippings  from  actual  material  used,  or  those  nearest  to  any  section 
subjected  to  the  greatest  known  stress. 

3.  The  machine  affords  an  accurate  method  of  measuring  the  work 
necessary  to  produce  rupture  under  standard  conditions,  alwa}*s 
maintaining  the  same  speed  of  impact.  The  machine  as  manufac- 
tured in  this  country  will  have  a  standard  drop  of  13  feet  with  ham- 
mers weighing  20  and  30  lbs.,  as  these  are  the  nearest  English  units 
to  that  used  in  the  metric  system. 

The  specimen  will  be  f  inch  wide,  y^  inch  thick,  and  \\  inches 
long,  with  a  saw-cut  ^^  inch  deep.  The  die  is  |f  inch  wide.  The 
machine  can  be  shifted  from  the  one  standard  to  the  other  with- 
out any  material  change.  The  specimens  may  be  prepared  either 
by  hand  or  in  quantity,  by  a  small  machine  constructed  for  the 
purpose. 

To  determine  the  influence  of  the  dimensions  of  the  notch  on  the 
results  of  the  tests  Mr.  Fremont  made  three  series  of  tests;  first, 
with  depth  equal  to  the  width;  second,  width  equal  to  twice  the 
depth;  third,  depth  equal  to  twice  the  width.  In  the  bending 
test  he  found  that  double  the  width  required  the  same  maximum 
force  to  commence  the  rupture,  but  required  more  work  to  complete 
the  same.  Double  the  depth  required  less  force  to  commence  the 
rupture. 

Making  these  same  tests  by  the  drop  of  the  hammer,  Mr.  Fremont 
found  that  a  small  variation  in  width  was  not  discernible  and  only 
the  case  of  double  the  depth  created  a  difference  in  the  results.  The 
more  fragile  the  steel,  the  less  important  would  be  a  small  variation 
in  the  size  of  the  notch.  Some  results  obtained  by  the  Fremont 
drop  test,  compared  with  the  other  forms  of  testing,  were  tabulated 
by  Mr.  Fremont  as  shown  in  the  accompanying  tables.  The  upper 
table  beginning  from  the  left,  gives  the  results  of  the  tension  test, 
bending  test,  and  shock  test,  with  notch  made  both  with  a  hacksaw 
and  with  a  milling  cutter.  The  lower  table  is  that  of  some  non- 
fragile  steels,  showing  the  tension  test  to  the  left,  with  the  percent- 
age of  elongation  and  the  average  maximum  and  minimum  work 
required  to  cause  rupture  by  shock.  From  these  results  it  is  readily 
seen  how  fragile  some  steels  are  to  shocks,  while  differing  but  little 
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for  the  11  units.     The  whole  plant  is  designed  to  scrub  12  million 
gallons  of  water  evety  twenty-four  hours. 

When  all  the  units  are  at  work,  the  rate  of  filtration  is  0.74  gallons 
per  square  foot  per  minute ;  or  1065  gallons  per  square  foot  per  day ; 
or  46,417,436  gallons  per  acre  per  day.  When  one  filter  is  out  of 
service  and  the  full  12  million  gallons  are  wanted,  the  rate  of  filtration 
is  increased  to  0.81  gallons  per  square  foot  per  minute;  or  1164  gallons 
per  square  foot  per  day;  or  50,808,384  gallons  per  acre  per  day.  The 
latter  rate  is  by  no  means  excessive ;  in  fact,  the  filters  may  be  rated 


Fio.  6. — Division  and  Outer  Walls  Showing  Opening  for  Weir. 


at  60  milHon  gallons  per  acre  per  day,  which  is  equivalent  to  0.956 
gallons  per  square  foot  per  minute.  If  the  11  filters  were  at  work 
at  this  rate,  they  would  give  15,506,467  gallons  per  twenty-four  hours. 
Although  this  may  be  accounted  the  maximum  capacity  of  the  Lower 
Roxborough  prehminar\^  filters,  they  might,  in  an  emergency,  work 
without  any  damage  up  to  an  80-  or  90-million  gallon  rate. 

The  water  supplied  to  the  Lower  Roxborough  Filter  Statir 
drawTi  from  the  Schuylkill  at  the  Shawmont  Pumping  Statior 
passes  through  a  reser\^oir  containing  about  12  milHon  gallons, 
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is  equivalent  to  twenty-four  hours'  supply.  When  full,  the  highest 
elevation  of  the  water  in  the  reservoir  is  366.0  feet  C.  D.  It  flo^-s 
by  gra\dty  through  a  24-inch  pipe  into  the  preliminaty  filters  the 
top  of  which  is  at  elevation  350.5  feet  C.  D. 

On  the  north  or  influent  side  of  the  house  the  24-inch  supply-pipe, 
which  crosses  over  the  filters  in  the  middle  of  the  building,  is  con- 
nected with  a  24-inch  by  18-inch  by  18-inch  tee  to  two  lines  of  influent 
pipes  gradually  reduced  in  size,  right  and  left,  the  whole  length  of  the 


Fig.  7. — Lower  Roxborough  Preliminary  Filter  House. 


bed.  On  this  line  are  placed  tees  with  a  6-inch  branch  leading  to  a 
6-inch  gate  valve  with  indicator.  Beyond  the  valve  is  a  reducer  6 
to  8-inch  and  an  8-inch  butterfly  valve  connected  to  an  8-inch  cast- 
iron  pipe  which  goes  through  the  wall  at  the  bottom  of  the  filter. 
This  pipe  enters  a  small  brick  chamber,  inside  of  the  bed,  which  acti^ 
as  an  air-chamber,  and  out  of  which  the  air  that  escapes  from  the 
influent  water  finds  an  exit  through  a  1-inch  brass  pi})e  communicating 
with  the  air.  From  the  brick  chamber  starts  an  8-inch  terra-cotta  tee 
with  two  8-inch  to  6-inch  reducers  and  ells  leading  to  two  lines  of 
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perforated  terra-cotta  pipe,  running  the  full  length  of  the  bed ;  these 
pipes  are  laid  with  cement  joints  and  are  seen  in  figure  8. 

In  the  center  of  the  bed  is  a  line  of  special  drain  tiles  made  of  con- 
crete and  expanded  metal.  The  concrete  is  3  inches  thick,  3  feet  wide, 
and  6  inches  high  (inside  measurements) ;  the  tiles  are  made  in  pieces 
6  feet  long. 

The  wash-water  passes  through  openings  4  inches  by  2  inches  at 
the  sides  of  the  tiles  and  immediately  over  the  floor,  which  acts  as 
the  bottom  of  the  drain.     The  floor  has  a  fall  of  1  inch  in  its  total 


Fio.  8. — Distributing  amd  Drainino  Systkms. 


length.     An  opening  in  the  floor,  at  the  front  end,  leads  to  a  16-inch 
gate  valve,  which  is  opened  wIk  ii  flushiii^  ih  iircii-hni^ . 

On  the  south  side  of  the  filt<  m  is  a  wrlr,  qi**^  ^^  ^li<■^|  tin*  fillt^nxl  or 


scrubbed  water  flows.     It  is  22 Jy  inches 
crest.     A  glass  gauge  connected  with  a 
the  wall,  indicates  the  heiglit  nf  wa' 
similar  gauge  going  through  tho  hat-k 
in  regulating  properly  the  6-inrli  irifluett 
From  the  weirs  the  water  falls  iiil 


bik  h  \ 
tr  tbii 
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two  outlets  at  the  bottom,  one  with  a  6-inch  waste  valve,  to  let  the 
scrubbed  water  go  into  the  wash-out  gullet  if  it  should  not  be  good 
enough  to  go  to  the  final  filters,  and  an  8-inch  outlet  ^sith  valve, 
connecting  A\ith  the  general  effluent  pipe,  which  takes  the  filtered 
water  from  all  of  the  11  units  and  conveys  it  to  the  final  filters. 

Another  glass  gauge,  attached  to  a  brass  pipe  leading  to  the  bottom 
of  the  filter  bed,  shows  the  resistance  offered  by  the  sponge  layer. 
The  difference  between  the  level  of  the  water  in  this  influent  gauge 
and  the  level  of  the  water  in  the  effluent  or  weir  gauge  is  the  lot>s 
of  head,  and  indicates  the  frictional  resistance  occurring  in  the  filtering 
materials.  When  the  filter  is  freshly  cleaned  there  is  practically  no 
loss  of  head  at  all,  but  as  the  operation  continues  it  gradually  increases 
to  one  and  a  half  feet;  when  it  has  reached  this  latter  figure,  it  is 
considered  time  to  clean. 

The  sponge  layer  is  held  down  by  cedar  slats  bound  together  three 
by  three  with  battens,  so  as  to  form  boards  about  10  inches  wide; 
these  slat  boards  are  15  feet  11  inches  long  and  weigh  about  40  pounds 
each,  and  they  are  easily  handled  by  one  or  two  men;  these  are  in 
turn  held  in  place  by  four  lines  of  yellow  pine  stringers,  6  inches  by 
8  inches,  running  along  the  whole  length  of  the  bed .  These  stringers  are 
pressed  down  a  few  inches  by  means  of  screw-jacks  and  are  held  in 
position  by  yellow  pine  blocks  placed  under  the  steel  I-beams  above. 

Cleaning. 

When  cleaning  becomes  necessar\%  and  this  happens  twice  a  year, 
one  filter  unit  at  a  time  is  put  out  of  service.  Men  with  brooms  clean 
the  slats  before  the  water  is  drawn  off.  The  16-inch  flushing  valve  is 
opened  and  the  filter  is  drained.  The  sponge  is  then  taken  from  the 
bed  and  placed  in  tin-lined  wicker  baskets ;  these  baskets  are  hoisted 
above  the  level  of  the  I-beams  and  conveyed  to  the  washing  machines 
by  means  of  a  tram-rail  overhead  conveyor.  The  sponge  is  brought 
back  in  the  same  manner,  after  being  cleaned. 

After  the  sponge  has  been  removed  from  a  section  of  the  bed  the 
slag  or  coke  is  washed  in  place  by  means  of  a  hose  which  is  carried  by 
hand  all  over  the  bed.  During  this  operation  there  is  no  other  water  in 
the  filter,  so  that  the  wash-water,  which  is  brought  to  bear  in  one 
place  in  lai^e  volume  and  with  force,  drives  the  mud  do>Mi  easily  and 
it  escapes  freely  by  the  16-inch  wash  valve.  The  appearance  of  this 
ver\'  muddy  wash-water  Ls  one  of  the  evidences  of  the  eflficacy  of  thif? 
kind  of  washing  and  of  the  mud-catching  properties  of  the  de^ice. 
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When  all  the  sponge  of  a  bed  has  been  cleaned  and  replaced,  the 
filter  is  filled  with  water;  then  the  16-inch  valve  is  opened  full  and 
any  mud  that  may  still  remain  in  the  materials  of  the  bed,  is  easily 
carried  away  to  the  drain  by  this  flushing,  which  is  repeated  twice. 
The  cleaning  of  the  materials  is  so  complete  that  when  the  filters  are 
restarted  there  is  no  initial  loss  of  head  whatever. 

The  sponge-washing  machinery  consists  of  a  battery  of  four  regular 
laundr>'  cylinder  washers  worked  by  a  10  h.  p.  electric  motor.  These 
washers  consist  of  an  outer  drum  and  an  inner  one.     The  inner  drum 


Fig.  9.— Rei'laciso  thb  Si*once  in  thk  S<rubbkr. 


is  perforated  and  turns  in  water,  first  in  one  direction  then  in  another, 
shaking  the  sponges  in  water  and  extracting  the  mud  without  tearing 
them.     The  sponges  are  left  in  the  first  water  one  mUuiU%  then  in  a 
second  water  two  or  three  minutes,  in  a  third  wntrr  \\\n*%*  ur 
minutes,  and  so  on  for  five  changes,  the  whole  ojn^mnon  taki* 
an  hour  for  completion.     The  sponges  of  one  bed  can  Im>  wa^htHlf 
days,  but  as  it  is  necessar\'  to  wash  the  impediments  rrn  (slag  d 
and  also  to  remove,  wash,  and  replace  the  slats  and  snnn^T!*,  t| 
operation  takes  four  and  a  half  days. 


J 
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From  present  evidence  it  is  believed  that  not  more  than  two  or 
three  cleanings  will  be  necessarj-  each  year.  Each  unit  will  therefore 
be  out  of  service  not  more  than  fifteen  days  in  one  year  and  at  work 
three  hundred  and  fifty  days.  It  can  be  easily  understood  that  a 
machine  which  is  made  to  wash  lace  curtains  can  wash  dirty  sponges 
without  tearing  them.  There  is  practically  no  waste  of  sponge  what- 
ever either  in  use  or  in  the  cleaning  operation. 

The  quantity  of  water  used  to  wash  one  bed  does  not  amount  to 


Fig.  10. — Spongk-washino  Machinbrv. 


more  than  200,000  gallons,  or  about  one-tenth  of  one  per  cent,  of  the 
water  filtered. 

The  raw  water,  without  any  pressure,  is  used  for  flushing  and  for 
sponge  washing;  raw  water  may  l)e  used  also  for  the  hose,  but  it 
should  be  delivered  under  pressure.  Five  men  are  necessary-  for  the 
cleaning  operation,  one  to  fill  the  baskets  with  dirty  sponge  and 
distribute  the  clean  sponge,  one  to  convey  the  baskets  to  and  from 
the  washing  machines,  two  to  fill  and  empty  the  washing  cylinders, 
and  one  to  look  after  the  motor  and  the  valves  of  the  washing  machines. 
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Results  Obtained. 

Eight  of  the  eleven  filter  tanks  or  scrubbers  were  started  on  October 
27,  1903;  the  other  three  were  kept  under  test  for  water-tightness, 
owing  to  small  contraction  cracks  which  occurred  in  the  outer  walls. 
These  last  filters  were  put  in  serx-ice  on  the  6th  and  7th  of  Januar}*, 
1904. 

The  quantity  of  water  filtered  by  the  whole  plant  has  varied  from 
6  to  12  million  gallons  per  day,  according  to  the  requirements  of  the 
consumers  and  the  capacity  of  the  Sha\Mnont  Pumping  Station.  The 
highest  consumption  occurred  during  the  coldest  weather  and  at  a 
time  when  the  water  was  at  its  worst  in  turbidity  and  bacteria. 

The  scrubbers  were  set  to  work  at  48  million  gallons  per  acre  per 
day.  When  less  than  12  milUon  gallons  were  required,  two  or  three 
units  were  lowered  in  speed  to  suit  the  requirements  of  the  final 
filters,  the  majority  of  the  scrubbers  being  allowed  to  remain  at  the 
normal  rate.  Sometimes  when  a  sudden  demand  for  filtered  water 
in  to\\'n  or  a  break  in  the  distribution  system  occurred,  it  was  found 
necessarj'  to  raise  the  rate  of  filtration  in  the  scrubbers  to  60,  80,  and 
100  million  gallons  per  acre  per  day.  This  variation  in  rates  is  a 
ver>'  severe  test  for  any  kind  of  filter.  No  unsatisfactor>'  results, 
however,  followed  these  great  variations,  and  in  fact  no  difference 
whatever  has  been  noticed  analytically  in  the  quality  of  the  filtrate* 
at  any  time,  that  could  be  traced  to  a  change  in  the  rate  of  filtration. 

The  follo\nng  results  may  be  taken  as  representing  the  minimum 
efficacy  of  the  plant.  The  filtering  materials — that  is,  the  slag  or 
coke  and  the  sponge — were  placed  originally  in  the  tanks  by  common 
laborers  without  any  special  care;  now  the  sponge,  after  cleaning,  is 
replaced  in  the  scrubbers  by  a  man  who  has  acquired  the  necessary 
experience  to  insure  that  the  layer  will  be  even  all  over  the  bed, 
particular  care  being  taken  to  insure  a  good  layer  at  the  edges  against 
the  walls,  so  that  the  results  in  the  future  may  be  expected  to  be 
better  than  those  of  the  past. 
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TABLE  SHOWING  THE  RESULTS  OF  TURBIDITY  AND  BACTERIO- 
LOGICAL EXAMINATIONS  AT  THE  PRELIMINARY  FILTERS, 
LOWER  ROXBOROUGH,  PHILADELPHIA.* 


River  Watkr.     '  Rksrrvoir  Water.  IGex eral  ErrLURKT  of  Scrckbr 


Date. 


1903. 

Dec.  23  .    . 

•*    24  .    . 

**    25  .    . 

"    26  .    . 


Turbid. 
Itj. 


I    1.30 
130 


80 


Weekly  Average     113 


Bacteria. 


No 
samples 


L 


Dec.  28 
'*  29 
**  30 
•*    31 


20 
15 

14 


Jan. 


1904. 
2  .    . 


No 
amples 


Turbid. 

ity. 


65 

85 

80 

77 

20 
18 
15 
14 

14 


Bacteria. 


No 

samples 


Turbid- 
ity. 


26 
28 

18 


Per 


P*r 


'ceot.  re-  Bacteria,  icent.  re- 
moved. Rioted. 


I      24 


I 

I  No  : 

I  samples  I 

I  I 


Weekly  Average 


Jan.  4  . 

*  6  . 

**  6  . 

**  7  . 

**  8  . 

**  9  . 


Weekly  Average 


192,000 

y 

62,000 

63,000 

32,000 

t 

29,600 

20,000 

4,400 

90,000 

68.000 

t 
25,500 


84,000  I        4    I      38,000 


Jan.  11  .  . 

.    3  i 

**  12  .  . 

-   4  i 

**  13  .  . 

4  1 

•*  14  .  . 

20 

**  15  .  . 

20 

''  16  .  . 

14  , 

32,600 
6,800 
2,900 

30,000 

t 
15,500 


4 
4 
4 

7 
15 
15 


64,000 
33,500 
10,500 
15,000 

t 
14,500 


Weekly  Average       11    '     17,500  8    !     27,500 


67 

78 


69 


47 
64 

79 


2 

71 

2  1 

60 

2 

50 

2 

50 

2 

50 

2 

50 

50 


1 

75 

2 

60 

2 

60 

2 

71 

5 

66 

6 

60 

No  samples 


No  samples 


1,700 1      92 

No  samples 

12,800       81 

t 
6,800        74 

7,100        81 


62 


Jan.  18 
'•  19 
'*    20 


14 
9 
5 


8,600         14 
43,500  9 

43,500  8 


23,000  4 

112,000  4 

99,000  3 


71 
55 
62 


3,600 

95 

2,700 ; 

9St 

1,600 

86 

1,100 

93 

t   , 

4,700 

67 

2,700 

90 

950 

96 

17,500 

84 

15,500 

a=> 

*  Hetults  obtained  by  I).  M.  Belcher,  Bacteriologist  In  the  Maignen  laboratory. 
t^eTcnty-two  hours  incubation,  resultji  not  recorded. 
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Results  of  Turbidity  and  Bactkbiological  Examinations.— Gon/iiiiierf. 


Rivsa  Watxr. 

1 

Date. 

T-fW^-    Biurterim. 

Turbid- 

BMteria. 

Turbid- 
ity. 

Per 
cenure- 

Bacteria. 

Per 
cent,  re- 

uy.    1 

ity. 

moTed. 

moTed. 

1904. 

Jan.  21  ...   . 

5    1     30,500 

5 

68,000 

3 

40 

19,500 

71 

"    22  .   .    .   . 

6    '        ♦ 

5 

« 

3 

40 

* 

"    23  .   .    .    . 

250       124,000 

96 

33,000 

20 

79 

5,500 

83 

Weekly  Average 

48         50,000 

23 

67,000 

6 

74 

11,800 

82 

Jan.  25  ...   . 

180         85,000 

160 

163,000 

65 

59 

66,000 

59 

"    26  .   .   .   . 

110       113,000 

96 

150,000 

48 

50 

48,000 

68 

**    27  .    .    .   . 

90 

31,000 

96 

220,000 

44 

54 

58,000 

74 

"    28  .    .    .   . 

55 

96.000 

64 

160,000 

32 

50 

73,000 

56 

**    29  .    .    .    . 

20 

» 

36 

« 

15 

58 

* 

"    30  .   .    .   . 

15 

21,500 

20 

42,500 

6 

70 

8,300 

80 

Weekly  Average 

78 

69,000 

79 

150,000 

35 

56 

60,000 

67 

Average  for 

Month  of  Jan. 

35 
4 

52,000 

28 

74,000 

11 

61 

19,000 

•  74 

Feb.    1  .   .   .   . 

150,000 

8 

240,000 

3 

62 

58,000 

76 

'•      2  .   .   .   . 

4 

89,000 

8 

125,000 

2 

75 

19,000 

85 

"      3  .   .   .   . 

5 

105,000 

8 

170,000 

2 

75 

33,000 

81 

"      4  .   .   .   . 

4 

160,000 

5 

220,000 

1 

80 

35,500 

84 

"      5  .   .   .   . 

4         80,000 

5 

240,000 

1 

80 

32,000 

87 

**      6  .   .   .   . 

No  mini  pie 

1 

4 

130,000 

1 

75 

17,500 

87 

Weekly  Average 

4 

120,000 

6 

190,000 

2 

67 

32,500 

83 

Feb.  8  .   .   .   . 

130 

65,000 

20 

36,000 

3 

85 

6,000 

83 

**      9  .    .   .   . 

55 

130,000 

55 

200,000 

15 

73 

Nosai 

nple 

"     10  ...   . 

32 

240,000 

55 

530,000 

15 

73 

120,000 

77 

**     11  .    .       . 

12 

210,000 

26 

450,000 

10 

62 

No8ai 

nple 

**     12  ...   . 

12 

No  sample 

15 

Nosumple 

3 

80 

"     13  ...    . 

8 

110,000 

10 

180,000 

3 

70 

30,000 

83 

Weekly  Average 

41 

140,000 

30 

250,000 

8 

73 

52,000 

79 

Feb.  15  .   .   ,   . 

4 

14,000 

5 

21,500 

1 

80 

3,700 

83 

"     16  ...   . 

6 

11,500 

6 

19,000 

1 

83 

3,500 

82 

**     17  ...   . 

6 

10,000 

5 

27,000 

2 

60 

4,200 

85 

•*     18  ...   . 

4 

8,500 

4 

36,000 

2 

50 

4,800 

F 

*8eTent7-two  hours  incubation,  results  not  recorded. 


/ 
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Results  of  Tubbidity  and  Bactebiolooical  Examinations. — ConiinMed. 


RiVKR  Water. 

Bksbrvoiii  Water. 

Gbk  eral  Effluekt  of  SOtUBBBSa. 

Date. 

Turbid. 

Bacteria. 

Turbid- 
itj. 

Bacteria. 

Turbid- 

Per 
cent.  r»- 

Bacteria. 

1    ^ 
>cMit.r«. 

itj. 

ity. 

moTed. 

moTed. 

1904. 

Feb.  19  .... 

5 

14,500 

5 

28,000 

1 

80 

3,300 

88 

**     20  ...    . 

5 

11,000 

4 

44,500 

1 

75 

5,500 

88 

Weekly  Average 

6 

11,500 

5 

29,500 

1 

60 

4,200 

86 

Feb.  22  .... 

680 

95,000 

48 

150,000 

6 

88 

21,000 

86 

**     23  ...   . 

320 

180,000 

200 

300,000 

70 

65 

67.000 

78 

"     24  ...   . 

250 

90,000 

250 

240,000 

96 

62 

28,000 

88 

**     25  ...   . 

160 

60,000 

190 

160,000 

80 

68 

15,000 

91 

**     26  ...   . 

86 

61,000 

100 

260,000 

48 

52 

150,000 

42 

•*     27  ...   . 

96 

51,000 

86 

74,000 

32 

63 

30,000 

60 

Weekly  Average 

265 

90,000 

146 

80 

200,000 

55 

62 

52,000 

74 

Feb.  29  .   .    .   . 

120 

280,000 

440,000 

20 

75 

No  sample 

Averse  for 

Month  of  Feb. 

84 

90,000 

48 

170,000 

16 

67 

35,000 

79 

Feb.  29  .    .   .   . 

120 

280,000 

80 

440,000 

20 

75 

1 
No  sample 

March    1    .   .   . 

170 

90,000 

86 

250,000 

25 

71 

75,000 

70 

2   .   .   . 

200 

280,000 

120 

430,000 

38 

68 

110,000 

74 

3   .    .   . 

150 

240.000 

130 

290,000 

40 

69 

130,000 

55 

4    .    .    . 

150 

45,000 

120 

95,000 

40 

67 

45,000 

53 

5   .    . 

250 
175 

65,000 
140,000 

150 

65,000 

50 
35 

66 

21,500 

67 

Weekly  Average 

114 

230,000 

69 
64 

76,000 

67 

March    7   .   .   . 

250 

100,000 

280 

250,000 

100 

88,000 

65 

8   .    .    . 

1500 

200,000 

750 

180,000 

320 

57 

49,000 

73 

9*      .    . 

1200 

No  sample 

1000 

170,000 

550 

45 

78,000 

54 

*•       10*     .    . 

320 

50,000 

600 

60,000 

340 

43 

29,000 

52 

**       11*     .    . 

160 

15,000 

320 

40,000 

175 

45 

14.000 

65 

'*       12*     .    . 

110 

Nosample 

160 

Nosample 

85 

47 

Nosai 

nple 

Weekly  Average 


March  14* 
'*       15   . 
**       16   . 


590       110,000  I    520    ,    140,000  ,    260    '      50    i    50,000 1      64 


80 
28 
38 


13.000 
4,000 
2,000 


55 
38 
32 


19,000 

12,000 

9,000 


28 
16 
16 


49  7,500 1   61 
58    4,.500   62 

50  I   1,800 1   80 


*  Disturbance  occurred  owing  to  cleaning  some  of  the  scrubbers  and  sudden  ohaugesof  rate  in  othew 
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Results  of  Turbidity  and  Bactebioloqical  Examinations.— Oon/intied. 


RiVKR  Watbe. 

Rbsbrvoir  Watkr. 

Gkkera 

L  Epplurntof  Scrubbers. 

Datx. 

Turbid- 

Bacteria. 

Turbid- 

Bacteria. 

Turbid- 
ity. 

Per 
cent,  re- 

Bacteria. 

Per 
cent,  re- 

ity. 

itj. 

mored. 

mored. 

1904. 

March  17  .   .   . 

38 

31,000 

38 

20,000 

16 

58 

5,700 

71 

**       18   .    .    . 

70 

14,000 

32 

18,500 

13 

59 

5,600 

70 

"      19   .   .   . 

450 

26,000 

125 

17,000 

48 
23 

62 

7,300 

67 

"Weekly  Average 

117 

15,000 

53 

16,000 

56 

5,400 

66 

March  21    .   .   . 

250 

31,000 

125 

21,000 

50 

60 

5,000 

76 

"      22  .   .   . 

200 

28,000 

160 

21,000 

75 

53 

4,500 

79 

"      23   .   .   . 

80 

40,000 

160 

:^o,ooo 

70 

56 

12,000 

60 

»*      24   .   .   . 

32 

20,000 

80 

46,000 

48 

40 

4,400 

90 

•*      25   .    .   . 

30 

51,000 

H4 

63,000 

30 

63 

18,000 

71 

''      26   .   .    . 

26 

36,000 

48 

42,000 

16 

67 
55 

9,800 

74 

Weekly  Average 

103 

34,500 

106 

37,000 

48 

8,900 

76 
nple 

March  28  .   .   . 

15 

49,000 

22 

No  sample 

10 

55 

Nosai 

**      29   .    .    . 

15 

37,000 

17 

67,000 

8 

53 

14,500 1      78 

**      30   .   .    . 

13 

25,000 

15 

25,000 

6 

60 

6,400 1      74 

**      31    .    .    . 

15 

No  sample 

15 

No  sample 

6 

60 

No  sample 

Average  for 

Mouth  of  March. 

216 
15 

62,000 

175 

94,000 

• 

82 
10 

53 

26,500 

72 

March  28   .    .    . 

49,000 

22 

No  sample 

55 

1 
No  sample 

**      29   .    .    . 

15 

37,000 

17 

67,000 

8 

53 

14,500 1      78 

**     :io  .  .  . 

13 

25,500 

15 

25,000 

6 

60 

6,400 1      74 

**      31    .    .    . 

April    1     .    .    . 

"      2     .   .   . 

15 
13 

No 
samples 

15 
13 
90 

No 
Samples 

6 

6 

44 

60 
54 
51 

N( 
samf 

) 
»le8 

Weekly  Average 

1     31,000 

29 

46,000 

13 

55 

10,500 

77 

April    4     .    .    . 

125 

28,000 

160 

35,000 

70 

56 

7,100 

80 

"       5     .   .    . 

60 

8,000 

120 

43,000 

65 

46 

12,000 

72 

**       6     .    .   . 

32 

4,400 

90 

10.000 

35 

61 

2,100 

79 

"       7     .   .   . 

48 

9,500 

55 

8,500 

16 

71 

1,900 

70 

**       8     .    .    . 

22 

30,000 

50 

9,500 

22 

56 

2,000 

*'          0       .     .     . 

23 

14,,W0 

38 

7,700 

13 

fiS 

2,000 

Weekly  Average 

51 

16,600 

S5 
24 

19,000 

37 

56 

58 

4.r»oo 

Aprilll     .   .   . 

22 

39,500 

10,500 

10 

'•11 
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Results  of  Tubbidity  and  Bactebiological  Examinations. — Qmiinued. 


RiVKR  WaTKR. 

Bksbrvoir  Watkr. 

DATS. 

Turbid- 

Baoterim. 

Turbid- 

Bftcteria. 

Turbid- 

F.r 
cent  re- 

1     Per 
Bacteria,  east.  f«> 

ity. 

ity. 

ity. 

moTed. 

nioTad. 

1904. 

April  12     .   .   . 

16 

13,000 

18 

6,600 

8 

56 

1,000 

83 

*•    13     ... 

22 

17 

7 

69 

"14     ... 

22 

No 

16 

No 

6 

62 

No 

'*    15     ... 

samples 

16 

samples 

6 

69 

samples 

**     16     ... 

22 

8 

64 

1 

Weekly  Average 

20 

25,000 

19 

8,500 

7 

63 

12,000       86 

April  18     .   .   . 

1 
No  sample 

20 

No  sample 

5 

75 

No  sample 

**    19     ... 

13 

7,500 

14 

2,400 

5 

64 

500       79 

"20     ... 

50 

1.800 

20 

1,000 

5 

75 

130 

87 

"21     ... 

14 

7,100 

26 

2,800 

5 

80 

400 

86 

"22     ... 

6 

3,800 

18 

900 

"23     ... 

7 

3,900 

16 

1,900 

t 

Weekly  Average 

29 

5,500 

20 

2,000 

5 

75 

340 j      83 

April  26     .   .   . 

8 

7,500 

10 

4,200 

"26     ... 

6 

13,500 

8 

7,200 

"27     ... 

7 

17,500 

12 

10,000 

"28     ... 

10    ;     63,000 

12 

16,000 

t 

"29     ... 

8    'No sample 

10 

No  sample 

"30     ... 

10    1     50,000 

12 

29,000 

Weekly  Average 

8    '     30,500 

10 

13,500 

1 

1 

Average  for 

1 

month  of  April.* 

14,600 

46 

12,500 

18 

60 

2,700 '      78 

1 

May   2  ...   . 

12    1     20,000 

10 

23,000 

No  Si 

unplee 

"      3  .   .   .   . 

12         30,000 

11 

16,000 

6 

65 

6,600,     69 

"      4  .   . 

12    '     44,000 

8 

18,000 

3 

62 

6,3001      71 

"      5  .    .    .   . 
"      6  .   .   ,   . 

No  sample 
taken 

6 

7 

No 
sample 

f 

50 
67 

No  samples 

"      7  .    .    .    . 

11    1     58,000 

7 

23,500 

3 

67 

6,800       71 

Weekly  Average 

1 
12    1     44,000 

,       8 

19,000 

3 

63 

6,200       67 

May    9  ...   . 

11         22,000 

6 

17,6(10 

2 

66 

6,100       71 

"    10  ...   . 

10         10,500 

s 

13,600 

1 

80 

1,700       87 

t^Scrubbers  put  out  of  serrice  in  order  that  raw  water  might  be  supplied  to  the  plain  slow  sand 

ni  for  experimental  purposes. 

*  Arerage  of  part  oi  month  during  which  the  Scrubbera  were  in  terTlce. 
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Results  of  Tubbidity  and  Bactebioloqical  Examinations. — Continued, 


Bbsbrvoir  Water.  ' 

1 

Gknbral  Efflubnt  of  Sceubbkrs. 

Date. 

Turbid- 

Bacteria. 

TurMd- 

Bacteria. 

Turbid- 

Per 
cenUre- 

Bacteria. 

Per 

cent,  re- 

ity. 

ity. 

1 

1 

ity. 

moTed. 

moTed. 

1904. 

May  11  ,   .   .   . 

12 

46,000 

6 

9,500 

1 

83 

3,000 

68 

**    12  ...    . 

10 

53,000 

6 

24,500 

1 

83 

3,500 

86 

**     13  ...   . 

14 

31,500 

5 

12,500 

1 

80 

2,700 

78 

"    14  ...   . 

10 

28.000 

4 

13,000 

1 

76 

1,800 

86 

Weekly  Average 

11 

32,000 

5 

15,000 

1 

80 

2,900 

81 

May  16  ...   . 

10 

13,500 

4 

6,200 

1 

75 

520 

92 

•*    17  ...   . 

5 

5,000 

4 

6,800 

1 

75 

800 

88 

"    18  ...   . 

5 

12,500 

4 

4,300 

1 

75 

700 

34 

"    19  ...   . 

7 

19,500 

4 

16,500 

1 

75 

3,500 

79 

**    20  ...    . 

7 

34,500 

4 

14,000 

1 

75 

2,700 

81 

**    21  ...    . 

7 

31,000 

4 

15,000 

1 

75 

3,000 

80 

Weekly  Average 

7 

19,000 

4 

10,500 

1 

75 

1,800 

83 

May  23  ...   . 

4 

29,000 

3 

26.000 

1 

66 

1,600 

94 

"     24  ...   . 

4 

Liq. 

3 

23,500 

1 

66 

2,200 

91 

**    25  ...   . 

4 

4 

Liq. 

1 

75 

Liq. 

"    26  ...    . 

6 

34,500 

5 

14,000 

1 

80 

4,200 

70 

*'    27  ...    . 

4 

9,700 

4 

11,000 

1 

75 

No  sample 

**    28  ...    . 

3 

27,000 

4 

24,000 

1 

75 

1,900 

92 

Weekly  Average 

4 

25,000 

4 

22,000 

1 

75 

2,500 

89 

May  30  ...   . 

4 

No  sample 

4 

No 

1 

76 

Nt 

J 

**    31  ...   . 

60 

44,000 

9 

sample 

1 

89 

sample 

Average  for 

month  of  May  . 

10 

29,000 

5 

15,500 

1 

80 

3,000 

81 

DISCUSSION. 
Henrt  Leffmann. — In  regard  to  the  figures  showing  relation  of  bacteria 
to  turbidity,  it  should  be  noted,  in  the  first  place,  that  the  latter  datum  is  de- 
termined by  methods  which  are  satisfactory  in  themselves  as  a  standard,  when 
the  tests  are  nimierous  and  have  been  carried  on  for  a  considerable  period ;  but 
they  do  not  necessarily  have  any  proper  relations  to  the  ntunber  of  the  bacteria 
Determining  a  particular  degree  of  turbidity  in  comparison  with  the  bacteri 
may  be  simply  making  comparison  between  two  naturally  discordant  data 
The  turbidity  is  determined  in  this  city  by  the  silica-standard,  which  consist 
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in  distributing  through  a  volume  of  water  known  quantities  of  silica.  There  are 
other  methods ;  each  is  satisfactory  when  compared  with  itself,  but  none  is  ab- 
solute. The  degree  of  turbidity  is  liable  to  mis-estimation — if  I  may  be  allowed 
to  coin  the  word — in  consequence  of  the  variation  of  the  suspended  matters  in 
color  and  in  composition. 

Secondly,  it  must  be  borne  in  mind  that  the  whole  question  of-  counting 
bacteria  in  water  is  in  an  imsatisfactory  state.  In  spite  of  the  large  amount 
of  work  done  in  this  field,  the  methods  are  not  yet  standard  or  absolute ;  they  are 
only  relative.  The  methods  of  culture  and  many  other  questions  enter  into  the 
determination  of  the  absolute  number.  Moreover,  as  I  understand  it,  these 
are  mere  microbe  countings.  There  is  no  attempt  to  differentiate  the  bacteria. 
They  are  cultivated  according  to  a  standard  method  and  at  standard  temperature, 
and  the  character  of  the  water  varies  from  day  to  day.  The  water  may  count 
ten  thousand  bacteria  to  the  cubic  centimeter  one  day,  and  twenty  thousand  the 
next  day,  yet  both  samples  may  have  the  same  ntunber  of  bacteria  in  th«n, 
because  the  viability  of  the  organisms  may  differ  on  the  two  days.  One  set  may 
grow  better  than  the  other.  There  is  no  reason  to  be  surprised  at  the  want  of 
coincidence  between  the  figures  for  bacteria  and  turbidity.  Inferences  have 
been  drawn  from  earlier  investigations,  but  they  do  not  apply  to  the  later  period. 
When  water  lies  in  a  reservoir  subject  to  sunshine,  the  temperature  rises,  and 
temperature  has  a  very  marked  effect  upon  the  growth  of  the  bacteria.  When 
water  is  quite  cold,  the  bacterial  growth  is  feeble.  In  the  case  of  a  small  town, 
in  the  interior  of  the  State,  some  years  ago,  the  water  conmiissioners  were  very 
anxious  to  have  a  bacterial  count  made  of  the  water  from  the  river  and  of  the 
effluent  of  a  small  coagulation  plant  put  in  for  purification.  I  advised  them  that 
it  would  be  hardly  worth  while  to  make  the  count  at  that  time,  because  the 
bacteria  in  the  river  would  probably  be  very  low,  the  weather  being  very  cold. 
The  result  was  twenty  bacteria  to  the  cubic  centimeter  cultivated  in  the  ordinary 
methods  in  the  river-water  and  twenty-two  in  the  filtered  water.  While  this 
did  not  mean  anything  to  the  bacteriologist,  it  meant  a  serious  disappointment 
to  the  water  commissioners.  When  we  deal  with  enormous  numbers  we  have 
again  sources  of  serious  uncertainty.  In  reservoirs  the  water  becomes  warm 
and  the  bacteria  grow  with  great  speed,  and  a  count  taken  after  a  few  hours  in 
this  condition  will  show  very  high  figures.  On  the  other  hand,  many  bacteria 
are  killed  by  the  action  of  the  sunlight,  and  if  the  samples  are  taken  from  no 
great  depth  in  the  reservoir,  the  count  may  be  very  low  because  of  the  simshine. 
All  these  facts  must  be  kept  in  view  in  collecting  data  of  this  kind.  For  any 
series  of  observations  the  data  are  capable  of  interpretation  among  themselves, 
but  are  not  capable  of  application  to  other  investigations  made  under  different 
conditions. 

Dr.  Robin. — I  was  speaking  to  Mr.  Maignen  to-day  of  the  methods  which  I 
employ  in  the  bacteriological  examination  of  water  and  which  are  along  the 
lines  suggested  by  Dr.  Leffmann,  namely,  that  an  attempt  is  made  to  separate 
as  far  as  possible  saprophytic  from  pathogenic  bacteria  by  growing  the  plates 
at  high  temperature  (38^  to  4(r  C.)  and  making  use  of  various  culture-media. 
I  make  use  of  lactose  agar  plates  which  are  rendered  anaerobic  by  covering  the 
medium  with  a  layer  of  agar-jelly;  also  lactose  agar  containing  O.I  per  cent,  of 
carbolic  acid.     The  comparative  counts  on  gelatin  and  on  the  above  media  give 
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an  inkling  as  to  the  character  of  the  bacteria  present  in  the  water.     So  far  this 
differential  method  has  given  me  satisfactory  results. 

Wm.  R.  Copeland. — Our  methods  of  making  bacteriological  tests  upon  water 
may  be  divided  into  two  classes :  by  the  first  series  of  tests  we  determine,  in  a 
general  way,  how  many  bacteria  are  present  in  a  known  volume  of  the  water — for 
instance,  in  a  cubic  centimeter  of  the  water.  By  the  second  series  of  tests  we  de- 
termine whether  sewage  bacteria — that  is  to  say,  bacteria  which  are  common  in 
sewage — are  present. 

In  order  to  study  bacteria  it  is  necessary  to  bring  them  under  our  control. 
They  are  very  small,  and  often  very  active  organisms.  Should  we  place  them 
under  a  microscope,  in  a  drop  of  water,  they  would  swim  out  of  sight,  or  several 
individuals  would  become  tangled  together  in  a  mass  and  make  it  impossible 
to  distinguish  one  from  another.  If,  however,  a  cubic  centimeter  of  the  water 
under  observation  is  placed  in  a  mixture  of  melted  gelatin,  beef-juice,  and 
peptone,  the  gelatin  will  harden  into  a  stiff  layer  which  holds  the  individual 
bacteria  in  a  spot  separate  from  his  fellows.  As  the  beef-juice  and  peptone  are 
materials  upon  which  the  bacteria  can  feed  and  grow,  the  little  organisms  begin 
at  once  to  multiply.  After  a  day  or  two  the  process  of  increasing  will  have 
developed  to  such  a  degree  that  a  colony  composed  of  thousands  of  individuab 
appears  where  originally  only  a  single  cell  existed  These  colonies  can  be  seen 
readily  by  the  naked  eye  and  can  be  coimted.  By  coimting  the  number  of  col- 
onies, then,  we  can  estimate  how  many  single  bacterial  cells  existed  in  the  original 
cubic  centimeter  of  water. 

Dr.  Leffmann  has  said  that  it  is  a  matter  of  considerable  difficulty  to  make  the 
gelatin  culture-medium,  and  that  different  batches  of  the  medium  may  vary  so 
much  from  one  another  in  their  composition  that  the  numbers  of  bacteria  foimd 
in  two  separate  tests  will  not  always  be  the  same.  The  amoimt  of  acid  which 
the  gelatin  contains  is  an  important  factor.  For  instance,  if  I  make  use  of  a 
gelatin  which  contains  1  per  cent,  of  acid  and  Dr.  Robbins  uses  a  gelatin  which 
contains  2  per  cent.,  the  bacteria  which  find  2  per  cent,  favorable  for  growth  will 
develop  in  greater  numbers  upon  his  gelatin  than  they  will  upon  mine.  If  we 
make  tests  upon  the  same  sample  of  water,  and  if  the  bacteria  present  belong  to 
species  which  grow  better  in  2  per  cent,  than  in  1  per  cent,  of  acid,  he  will  report 
that  the  water  contains  more  bacteria  per  cubic  centimeter  than  I  shall  find. 
As  a  result  of  long  and  careful  study,  however,  bacteriologists  have  come  to  the 
point  at  last  of  using  a  nutrient  mediimi  made  under  standard  conditions.  As 
a  result  of  this  it  is  possible  nowadays  to  make  samples  of  culture-media  which 
are  so  much  alike  in  composition  that  about  the  same  numbers  and  kinds  of 
bacteria  will  develop  one  year  that  grew  the  last. 

If,  then,  we  collect  one  sample  of  water  from  the  river,  another  from  the 
reservoir,  and  a  third  from  the  effluent  of  the  filters,  mix  them  with  portions  of 
our  standard  nutrient  gelatin,  grow  them  imdtr  tlie  r^ame  coiiditit>a(i  of  ttmimtti- 
ture,  period  of  cultivation,  and  general  labomton^  tiiiinipijiation,  t^  ^ 

bacterial  colonies  which  develop  can  be  compared  \  lb  At  i»  to  luiy 
develop  in  the  gelatin  seeded  with  river- water  and  only  Dn«^  ooti 
the  gelatin  seeded  with  filtered  water,  it  proves  that  the  filtv 
other  99  bacteria  present  in  the  unfiltered  watt-r ;  showing  that  9^ 


^ 
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per  cent,  of  the  bacteria  in  the  river-water  were  filtered  out.    Tliis  is  what  we 
mean  when  we  say  that  the  filters  remove  99  per  cent,  of  the  bacteria. 

It  is  important,  however,  to  determine  not  only  how  many  bacteria  of  aU 
kinds  are  present  in  water,  but  also  whether  the  water  contains  bacteria  that  are 
characteristic  of  sewage.  Sewage  contains,  among  other  things,  the  fecal  matter 
discharged  from  the  intestines  of  human  beings  into  water-closets.  As  this 
fecal  matter  contains  thousands  of  the  bacteria  which  live  in  the  intestine,  these 
organisms  pass  into  the  sewage  with  the  fecal  matter.  As  typhoid  germs  live  in 
the  intestines  of  persons  suffering  with  this  di^ase,  they  pass  into  the  sewage, 
as  well  as  other  kinds  of  bacteria  in  the  evacuations  from  typhoid  patients.  The 
typhoid  bacillus  is  difficult  to  identify  in  wHter  because  we  cannot  subject  the 
organism  (after  it  has  been  isolated)  to  the  crucial  test  of  introducing  it  into  the 
body  of  a  htunan  being  and  noting  that  it  produces  the  disease.  For  that 
reason  we  do  not  undertake  to  find  t3rphoid  bacilli  in  water,  but  rest  content  with 
himting  for  other  organisms  which  are  found  in  fecal  matter.  The  species  of 
bacterium  referred  to  is  called  the  Bacillus  coli  communis.  This  organism  can 
be  identified  because  it  forms  certain  characteristic  reactions.  For  instance, 
it  will  grow  at  the  temperature  of  the  body,  which  is  37  degrees  Centigrade. 
It  will  produce  acid  in  the  presence  of  milk-sugar;  this  acid  can  be  detected  by  the 
fact  that  it  will  turn  litmus  from  blue  to  red;  the  colon  bacillus  will  ferment  a 
solution  of  sugar,  forming  carbonic  acid  gas,  hydrogen,  etc.  The  bacillus  will 
turn  milk  sour,  making  it  curdle,  etc.,  etc. 

The  majority  of  bacteria  found  in  a  river-water  came  from  the  fields  and 
woods.  These  organisms  will  not  grow  at  the  temperature  of  the  body.  If, 
then,  we  make  a  mixture  of  the  water  to  be  tested  with  a  mixture  of  agar,  heti- 
juice,  litmus,  etc.,  and  place  them  at  the  temperature  of  the  body  in  an  incu- 
bator, the  soil  forms  will  not  grow  but  the  fecal  bacteria  will.  In  that  way  we 
eliminate  the  great  numbers  of  bacteria  contained  in  river-waters,  such  numbers 
as  you  have  seen  thrown  on  the  screen  to-night.  For  instance,  I  saw  one  number 
there  of  160,000  per  cubic  centimeter.  It  b  not  unusual  to  find  as  many  as  that 
when  the  river  is  muddy.  When,  however,  we  put  such  a  water  as  that  at  37 
degrees  Centigrade,  the  nmnber  of  bacteria  which  develop  will  be  reduced  to  200 
or  perhaps  300  per  cubic  centimeter;  moreover,  as  the  fecal  bacteria,  for  which 
we  make  tests,  form  acid  in  the  culture-medium,  the  colonies  of  the  Bacillus  coli 
communis  will  be  red,  because  they  produce  an  acid  which  turns  the  litmus  agar 
from  blue  to  red.  In  view  of  the  fact  that  the  Bacillus  coli  communis  is  not  the 
only  intestinal  organism  which  will  turn  the  litmus  red,  it  is  necessary  to  subject 
the  bacteria  which  form  red  colonies  to  the  series  of  tests  noted  above — ^that  is, 
to  sugar  solutions,  milk,  etc.  If  the  bacteria  which  turned  the  litmus  red  ^ve 
the  proper  reactions  in  the  control  tests,  it  is  evident  that  the  Bacillus  coli  com- 
munis was  present  in  the  water.  As  the  typhoid  bacillus  comes  from  the  same 
locality  as  the  colon  bacilli,  if  we  find  the  latter  in  the  water  the  typhoid  may 
be  there  also.  We  make  tests  upon  the  filtered  water  at  frequent  intervals,  and 
the  typhoid  statistics  of  the  Third  Ward  bear  out  the  findings  of  our  laboratory 
tests,  for  the  cases  of  typhoid  fever  have  been  reduced  by  about  75  per  cent, 
in  the  portion  of  the  Germantown  district  which  has  received  filtered  water 
continuously  for  the  past  year. 

With  regard  to  the  niunbers  of  bacteria  in  the  reservoir  water,  I  must  take 
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exception  to  Dr.  LefiFmann's  suggestion  that  they  are  higher  in  the  reservoir  than 
in  the  river,  because  the  water  is  warmer  in  the  reservoir  than  in  the  river;  and 
that  the  bacteria  grow  in  the  warmer  water.  Mr.  Maignen  has  pointed  out  that 
these  high  ntunbers  were  found  during  the  cold  weather  in  the  winter.  During 
the  winter  months  the  reservoir  was  covered  with  ice  and  the  temperature  of  the 
water  in  the  reservoir  was  the  same  as  that  in  the  rivera.  For  that  reason  we 
must  find  some  other  explanation  for  the  differences  in  the  numbers.  The 
probable  explanation  is  that  the  samples  do  not  represent  the  same  water.  The 
reservoir  has  considerable  storage  capacity — perhaps  two  or  three  da3rs.  The 
floods  come  so  suddenly  in  the  river  and  are  of  such  short  duration  that,  while 
to-day  there  may  be  only  5000  bacteria  in  a  cubic  centimeter,  to-morrow  there 
may  be  50,000,  and  the  next  day  only  15,000.  When  this  water  is  pimiped  into 
the  reservoir  it  will  affect  the  water  stored  there  to  such  a  degree  that  the  niunbers 
of  bacteria  will  be  higher  in  the  reservoir  on  the  day  after  a  flood  has  passed 
down  the  river  than  they  are  in  the  river  at  the  same  time.  For  that  reason,  as 
Dr.  Leffmann  said,  it  is  not  safe  to  depend  upon  a  single  test,  but  the  tests  should 
be  continued  over  a  series  of  da3rs.  We  get  the  greatest  value  from  our  tests  by 
comparing  the  results  of  to-day  with  those  of  yesterday,  or  of  the  winter  with 
those  of  the  simmier,  rather  than  by  comparing  two  tests  made  on  the  same  day. 

Gborqe  R.  Henderson. — I  have  heaxd  remarks  about  the  cost  of  filtration 
plants,  reservoirs,  and  bacteria,  and  it  has  occurred  to  me  that  perhaps  it  would 
be  an  advantage  to  consider  the  thing  in  a  little  different  light.  What  is  the 
object  in  removing  bacteria  from  water  that  is  to  be  used  for  washing  buggies, 
putting  out  fires,  sprinkling  streets,  etc.?  Why  should  we  have  any  bacteria  in 
the  water  that  we  wish  to  drink  or  cook  with?  From  the  figures  which  Mr. 
Maignen  furnished  us  it  b  apparent  that  something  over  two  himdred  gallons 
of  water  per  day  per  capita  are  used  in  this  city.  It  b  probably  a  conservative 
statement  that  not  over  two  gallons  a  day  are  used  for  drinking  or  cooking;  which 
would  be  1  per  cent.  Why  would  it  not  be  good  policy,  in  planning  new  water- 
works, to  give  large  quantities  of  imfiltered  water  that  could  be  used  for  sprinkling 
streets,  putting  out  fires,  cleaning  closets,  etc.,  and  then  to  fiunish  a  small  supply 
of  sterilized  water,  which  could  be  boiled,  or,  if  that  is  not  sufficient,  distilled 
water?  This  might  be  furnished  in  a  small  system  of  pipes  and  mains  which 
could  be  put  in  the  same  trench  with  the  large  pipes  and  introduced  at  the  same 
time.  While  I  have  not  made  any  figures,  it  seems  to  me  the  cost  of  thb  extra 
small  piping  and  the  very  small  installation  needed  for  purification  would  cer- 
tainly be  less  than  the  enormous  expense  of  filter  beds  and  reservoirs;  we  could 
then  do  away  with  reservoirs  altogether,  which  are  considered  to  be  breeders 
of  bacteria,  and  by  using  what  has  been  generally  termed  the  Holley  system,  we 
could  pump  direct  into  the  mains  and  deliver  every  day  as  needed.  I  would  be 
glad  to  have  any  criticisms  on  thb  suggestion. 

Mr.  Copeland. — I  would  like  to  say,  with  regard  to  the  remarks  of  the  gentle- 
man who  has  just  been  speaking,  that  the  duty  of  the  community  b  to  protect 
the  lives  of  its  citizens.  The  duty  of  the  manufacturer  should  be  to  protect  the 
lives  of  hb  employees.  It  b  not  always  possible,  however,  for  the  manufacturer 
to  meet  that  requirement.  For  instance,  if  we  have  two  supplies  of  water  in  a 
town,  one  of  them  being  purified  for  drinking-water  and  the  other  left  unpurified, 
it  b  unfortunately  true  that  many  of  the  people  in  the  conmiunity  will  drink 
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from  that  iinpurified  supply,  in  spite  of  all  precautions,  signs,  warnings,  or  any- 
thing that  the  Board  of  Health  or  that  the  manufacturer  or  that  a  man's  best 
friend  can  do  to  prevent  it. 

Mr.  Maiqnen. — It  does  seem  a  very  strange  thing  to  use  sterile  water  for 
sprinkling  purposes.  There  are  in  Paris  two  sets  of  water-pipes,  one  for  the  raw 
river-water,  the  other  for  spring-water,  which,  by  the  way,  is  not  altogether  satis- 
factory. Most  of  the  springs  are  shallow  and  they  become  easily  polluted  in 
times  of  rain,  and  every  now  and  then  typhoid  fever  appears  among  the  popula- 
tion in  Paris  who  drink  this  so-called  spring-water.  The  typhoid  fever  will  not 
be  stopped  in  Paris  any  more  than  an3rwhere  else  until  all  the  water  intended  for 
drinking,  whatever  may  be  its  origin,  b  filtered  with  great  care. 
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ABSTRAa  OF  MINUTES  OF  THE  CLUB. 


Regular  Meeting,  April  2,  1904. — President  Cari  Bering  in  the  chair. 
Seventy-six  members  and  visitors  present. 

Dr.  Henry  Leffmann  gave  a  short  accoimt  of  "The  New  Geometry."  Mr. 
Harrison  Souder  presented  a  paper  on  ''  The  Failure  of  the  Oakford  Paric  Dam 
at  Jeannette,  Pa." 

Regular  Meeting,  April  16,  1904. — President  Carl  Hering  in  the  chair. 
Ninety  members  and  visitors  present. 

The  death  of  E.  Percy  Teal  was  annoimced. 

Mr.  P.  J.  A.  Maignen  presented  a  paper  on  "  The  Lower  Roxborough  Prelimi- 
nary Filters." 

Business  Meeting,  May  7,  1904. — President  Carl  Hering  in  the  chair. 
Seventy-eight  members  and  visitors  present. 

The  death  of  C.  P.  Weaver  was  annoimced. 

Professor  A.  Vosmaer,  visitor,  presented  the  subject  of  *'  The  Sterilization  of 
Water  by  Ozone." 

The  Tellers  reported  the  election  of  Messrs.  Francis  H.  Albright,  J.  A.  P. 
Crisfield,  Ad.  Fischer,  and  Geoi^e  L.  Miller  to  active  membership. 

Regular  Meeting,  May  21,  1904. — President  Carl  Hering  in  the  chair. 
Eighty  members  and  visitors  present. 

Mr.  C.  H.  Ott  gave  "  Some  Examples  of  Recent  Sewer  Construction  by  the 
City  of  Philadelphia,"  and  Mr.  Charles  Day's  paper  on  "  The  Individual  Opera- 
tion of  Machine  Tools  by  Electric  Motors  "  was  read  by  Mr.  Harold  T.  Moore. 

Regular  Meeting,  Jime  4,  1904. — President  Carl  Hering  in  the  chair. 
Seventy-two  members  and  visitors  present. 

The  Nominating  Committee  selected  by  the  Board  of  Directors  was  annoimced 
as  follows:  Edwin  F.  Smith,  Chairman;  L.  Y.  Schermerhom,  Wm.  H.  Robinson, 
E.  M.  Nichols,  and  F.  E.  Dodge. 

Mr.  S.  S.  Sadtler  presented  some  *'  Notes  on  the  Use  of  Lutes,"  and  Colonel 
E.  D.  Meier  explained  the  "Recent  Developments  in  the  Diesel  Engine,"  Mr 
John  D.  MacPherson  participating  in  the  discussion  which  followed. 
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ABSTRACT  OF  MINUTES  OF  THE  BOARD  OF  DIRECTORS. 


Regular  Meeting,  April  16,  1904. — Present:  The  President,  Vioe-Prea- 
dents  Foster  and  McBride,  Directors  Bonner,  Leiper,  Loomis,  Davis,  and  EMsbj, 
and  the  Treasurer  and  Secretary. 

The  Treasurer's  report  showed: 

Balance,  February  28, $2785.38 

March  receipts, 561 .  25 

$3346.63 
March  disbursements, 331.83 

Balance,  March  31, $3014.80 

The  President  announced  the  appointment  of  the  following  committees: 
Park  System:  George  S.  Webster,  Chairman;  L.  Y.  Schermerhom,  H.  G.  Morris, 
Wm.  Easby,  Jr.,  Thos.  C.  McBride,  and  Harrison  Souder.  Extension  of  Cour- 
testes  to  Foreign  Engineers:  James  Christie,  Chairman;  John  Biridnbine,  John 
C.  Trautwine,  Jr.,  L.  Y.  Schermerhom,  J.  M.  Dodge,  John  H.  Converse,  and 
Charles  H.  Cramp. 

The  question  of  reinstating  resigned  members  having  been  brought  up,  it 
was  resolved  that  the  sense  of  the  Board  is  that  resigned  members  must  be  re- 
elected. 

Regular  Meeting,  May  21,  1904. — Present:  The  President,  Vice-President 
Foster,  Directors  Leiper,  Loomis,  Davis,  Devereux,  Easby,  and  the  Treasurer 
and  Secretary. 

The  President  annoimced  the  appointment  of  the  following  comnuttees: 
Committee  to  Urge  Local  Members  of  the  A,  /.  E,  E,  to  Become  Members  of  the  Club: 
Horatio  A.  Foster,  Chairman ;  Wm.  C.  L.  Eglin,  and  Charles  Hewitt.  Committee 
to  Urge  Local  Members  of  the  A.  S.  C,  E.  to  Become  Members  of  the  Club:  L,  Y. 
Schermerhom,  Chairman;  James  Christie,  and  George  S.  Webster.  Committee 
to  Urge  Local  Members  of  the  A.  S,  M.  E.  to  Become  Members  of  the  Club:  H.  W. 
Spangler,  Chairman;  W.  P.  Dallett,  T.  Carpenter  Smith,  S.  Kneass,  C.  Day, 
W.  Lewis,  and  G.  T.  Gwilliam. 

The  Treasurer's  report  showed: 

Balance,  March  31, $3014.80 

April  receipts, 297.96 

$3312.76 
April  disbursements, 657.36 

Balance,  April  30, $2655.40 

Subscription   to  the   International   Engineering  Congress  was  authorised, 
so  that  the  Proceedings  of  the  Congress  would  be  received  for  the  Library. 
A  letter  was  read  from  the  Girard  Estate  for  a  renewal  of  the  lease  for  the 
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Club  House  for  three  months  only,  and  the  President  and  Treasurer  were  directed 
to  sign  a  lease  for  that  term. 

Special  Meeting,  June  3,  1904. — Present:  The  President,  Vice-President 
McBride,  Directors  Bonner,  Loomis,  Davis,  and  the  Treasurer  and  Secretary. 

The  President  announced  the  appointment  of  a  Committee  to  Urge  Local 
Members  of  the  A.  L  M.  E,  to  Become  Members  of  the  Club,  as  follows:  Benj. 
Smith  L3anan,  Chairman;  Geoi^e  C.  Davis,  and  S.  E.  Fairchild,  Jr. 

The  Treasurer's  report  showed : 

Balance,  April  30, $2655.40 

May  receipts, 331.00 

$2986.40 
May  disbursements, 875.06 

Balance,  May  31, $2011.34 

The  President  and  Treasiu^r  were  authorized  to  sign  a  lease  for  the  Club 
House  for  one  year  from  October  1,  1904. 

The  personnel  of  the  Nominating  Committee  was  selected  as  follows :  Edwin 
F.  Smith,  Chairman;  L.  Y.  Schermerhom,  Wm.  H.  Robinson,  E.  M.  Nichols, 
and  F.  E.  Dodge. 
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ADDITIONS  TO  THE  GENERAL  LIBRARY. 


From  Metropolitan  Water  and  Sewerage  Board,  Boston. 
Third  Annual  Report,  1904. 

From  Carl  Herino,  Philadelphia. 
Conversion  Tables,  Hering. 

From  Henry  L.  Doherty,  Denver,  Colo. 
Question  Box  of  the  Ohio  Gas  Light  Association,  1904. 

From  the  City  Parks  Association  of  Philadelphia. 
Sixteenth  Annual  Report,  1904. 

From  J.  H.  Bridge,  New  York. 
The  History  of  the  Carnegie  Steel  Company,  1903. 

From  A.  J.  Cassatt,  President  Pennsylvania  Railroad. 
Contract  Drawings,  Specifications,  etc.,  for  the  work  in  Connection   with 
the  New  York  Terminal  of  Pennsylvania  Railroad. 

From  Peabody  Coal  Company,  Chicago. 
The  Economical  Burning  of  Coal  without  Smoke,  A.  Bement,  1904. 

From  Continuous  Rail  Joint  Company  op  America,  Newark. 
Russo-Japanese  War  Atlas,  1904. 

From  Geological  Survey  of  Ohio,  Columbus,  Ohio. 
Bulletin  No.  1,  Fourth  Series,  1903. 
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fifty  years  aft^r  his  dpath,  aiui.  when  the  resentnipiitH  of  two  waiv  and 
iiiternati()nal  antagonism  might  be  expeptecl  to  be  active,  tlie  great 
historian,  Macaulay  (who  eaiitiot  l>e  .sysperted  of  any  undue  admira- 
tion U\T  AmeriL-a  or  Ameriean^)  named  ( ieoriro  Wu.shiiifrt<iji  a.s  a  lype 
of  the  ,stainles.s  politician.  I>ven  the  great  abuser  of  eoloniaj  siatew- 
men,  who  calls  Jefferson  ''tiniid  and  vacillating,"  MatUscni  "heljile^s/' 
and  Monroe  "foolish,"  and  who,  in  disre^ar<[  of  b<Tth  the  fact.^  of 
hiatory  and  deeenciew  of  historical  discnssion,  has  called  one  of  the  most 
active  of  revolutionary  patriots  "a  filthy  little  atheist/'  has  words  of 
approval  for  Washington. 

The  military  and  political  incidents  in  Washington's  life  have  been 
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HENRY   LEFFMANN. 
Rfrtd  Srpleniber  17,  190L  -^ 

George  Washington,  Cleneral  of  the  armies  of  the  Continental 
Congress,  President  of  the  Constitutional  Convention,  and  first  Presi- 
dent of  the  United  States,  is  conspicuous  among  the  heroes  of  all  times 
and  places.  Few  men  have  exhibited  such  strength  of  character 
united  with  sincerity  and  simplicity  of  method;  few  men  have  deserved 
and  received  such  great  respect  and  admiration  for  their  qualities. 
Even  some  of  those  who,  by  descent,  might  be  expected  to  feel  enmity 
toward  him  have  been  prominent  in  declaring  his  virtues.  Less  than 
fifty  years  after  his  death,  and,  when  the  resentments  of  two  wars  and 
international  antagonism  might  be  expected  to  be  active,  the  great 
historian,  Macaulay  (who  cannot  be  suspected  of  any  undue  admira- 
tion for  America  or  Americans)  named  George  Washington  as  a  type 
of  the  stainless  politician.  Even  the  great  abuser  of  colonial  states- 
men, who  calls  Jefferson  "  timid  and  vacillating,"  Madison  "helpless/' 
and  Monroe  ** foolish,"  and  who,  in  disregard  of  both  the  facts  of 
history  and  decencies  of  historical  discussion,  has  called  one  of  the  most 
active  of  revolutionar\'  patriots  "  a  filthy  little  atheist, "  has  words  of 
approval  for  Washington. 

The  military  and  political  incidents  in  Washington's  life  have  been 
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treated  at  such  length  that  there  is  scarcely  further  need  for  work 
along  this  line,  but  it  is,  nevertheless,  true  that  a  sufficient  biography  of 
the  man  has  not  yet  been  written.  Phases  of  his  character  that  are 
deserving  of  much  admiration  are  overlooked  in  the  brilliancy  of  his 
later  life.  The  prominence  of  Washington  the  Commaiicier  and 
President  hides  the  merit  of  Washington  the  citizen  and  subaltern. 

It  has  been  for  some  years  my  wish  to  bring  before  the  Club  an 
account  of  Washington's  work  as  an  engineer,  about  which  eomf>ar- 
atively  little  is  said.  It  is,  of  course,  known  to  all  ^iio  have  more 
than  the  school-book  knowledge  of  the  man,  that  he  was,  in  early  life, 
a  land  sur\'eyor,  but  the  extent  and  character  of  his  work  in  this  direc- 
tion, and  the  early  views  he  entertained  and  advocated  concerning 
great  engineering  operations,  are  not  widely  appreciated.  Most  of  his 
biographers  pass  rather  rapidly  over  those  phases  of  his  career  in 
which  he  was  connected  with  arts  of  peace,  finding  more  attractive 
materials  in  his  campaigns,  beginning  with  those  under  the  fia^  of 
England  and  ending  with  those  under  the  Stars  and  Stripes. 

The  material  for  the  biography  of  Washington  is  fortunately  unusu- 
ally abundant  and  authentic.  It  consists  largely  of  his  own  writingrs. 
These  begin  at  a  very  early  age.  He  was  minute  and  painstaking  in 
the  records  of  all  his  doings.  His  diaries  are  not  filled  with  the  gossip 
of  courts  or  camps,  but  with  accurate  and  comprehensive  notes  of 
actual  work.  If  genius  is  correctly  defined  as  "an  infinite  capacity 
for  taking  trouble,'*  Washington  stands  as  one  of  the  greatest  of  gen- 
iuses, for  the  habit  of  carefully  recording  his  work  began  in  childhooil 
and  continued  throughout  his  ver\^  active  life.  These  records  are 
mostly  preserved,  the  bulk  of  them  now  resting  securely  in  the  Librar>- 
of  Congress. 

It  is  to  be  regretted  that  the  United  States  authorities  have  not 
yet  seen  fit  to  reproduce  all  this  material  by  the  excellent  photographic 
methods  now  available,  and  thus  place  the  records  at  the  disposal  of 
all  who  are  interested  in  the  subject.  Some  enterprising  citizens  have 
attempted  to  remeiiy  this  defect,  and  have  accomplished  considerable, 
but  their  transcripts,  however  carefully  made,  cannot  take  the  place 
of  photographic  reprcKluctions.  Among  the  most  ser\'iceable  tran- 
scripts of  the  Washington  records  are  those  made  by  the  late  I)r. 
J.  M.  Toner.  I  am  much  indebted  to  his  work  for  the  material  I  use 
in  this  essay.  Dr.  Toner  intended  to  reprint  all  the  Washington 
material  to  which  he  coukl  secure  acce^ss,  but  did  not  accomplish  the 
entire  task. 
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and  he  has  been  enveloped  in  a  haze  of  legend  and  misrepresentation 
that  partiaUy  hides  his  merits  from  us.  I  do  not  now  refer  to  the 
chem'-tree  stor>',  which  has  been  relegated  by  sensible  persons  to 
the  limbo  of  amusing  inventions,  but  to  the  more  serious  works  of  his 
biographers.  Some  of  these,  in  an  excess  of  zeal,  have  deemed  it 
necessar\^  to  suppress  the  evidence  of  his  human  temperament,  to 
pass  unnoticed  his  occasional  bursts  of  passion  and  the  strong  language 
that  expressed  his  feelings  at  those  times,  to  correct  the  slips  in  grammar 
and  spelling  that  are  by  no  means  infrequent  in  his  letters  and  memo- 
randa. Concerning  this  latter  point,  it  is  but  fair  to  note  that  in  Wash- 
ington's earlier  days  less  care  than  now  was  exercised  in  literary- 
composition  by  many  persons,  especially  those  outside  of  strictly 
literarv'  circles.  If  we  may  trust  the  official  reprint  of  the  Pennsylvania 
Colonial  Records,  Patrick  Gordon,  Governor  of  the  colony,  in  a  proc- 
lamation issued  a  few  years  before  Washington  was  bom,  spells  the 
pronoun  "their"  two  different  ways  in  the  same  paragraph. 

Dr.  Toner,  to  whom  I  have  just  referred,  regards  this  question  in  a 
scientific  spirit,  and  in  his  transcripts  of  the  Washington  memoranda 
has  retained  the  forms  exactly  as  he  finds  them. 

Washington  was  a  great  engineer.  His  claim  to  rank  in  this  honor- 
able station  rests  not  upon  great  constructions,  but  upon  the  forethought 
that  he  exhibited  in  regard  to  the  necessity  of  certain  engineering 
operations  and  the  energy,  ability,  and  disinterestedness  with  which 
he  advocated  his  views.  These  suggestions  were  not  based  on  theo- 
retical speculation,  the  studying  of  maps,  or  listening  to  the  relations 
of  travellers.  While  yet  a  lad ,  he  left  a  comfortable  home  to  spend  a  long 
period  in  the  wild  regions  of  the  head- waters  of  the  Potomac,  Yough- 
iogheny,  and  Monongehela.  When,  in  the  early  part  of  1748,  just 
after  he  passed  into  his  sixteenth  year,  he  made  the  expedition  into 
Hie  interior  of  northern  Virginia,  to  survey  the  lands  of  Lord  Fairfax, 
pe  ventured  upon  as  great  a  task  as  would  now  characterize  a  journey 
to  the  poles  or  to  the  interior  of  Alaska  or  Africa.  For  it  must  be 
remembered  that  the  means  of  dealing  with  natural  difficulties  were 
far  cruder  than  at  present,  and  that  while  the  weapons  of  offense  and 
defense  available  to  civilized  men  were  superior  to  those  of  savages, 
yet  they  were  far  inferior  to  those  now  in  use.  The  old  flint-lock 
musket  did  not  excel  the  bow  and  arrow  in  skilful  hands  as  much  as 
we  might  now  suppose.  Indeed,  at  the  opening  of  the  Revolution, 
Benjamin  Franklin  (who  was  certainly  not  a  visionar^"^  or  a  crank) 
suggested  arming  the  colonial  troops  with  bows  and  arrows  in  prefer- 
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ence  to  muskets,  and  adduced  several  reasons  in  favor  of  the  older 
weapons.  Accurate,  rapid-firing,  breech-loading  rifles,  of  light  weight 
and  long  range,  with  compact,  waterproof,  self-primed  cartridges,  make 
modem  operations  against  hostile  savages  much  safer  than  in  Waash- 
ington's  day. 

At  the  time  these  journeys  were  made  no  swifter  methods  of  for- 
warding men,  material,  and  news  were  available  than  by  use  of  the 
horse.  The  roads  were  mostly  rude  openings  through  the  forest, 
maps  were  imperfect,  derived  partly  from  the  statements  of  venture- 
some Indian  traders,  trappers,  or  fortune-hunters,  not  always  sure 
to  relate  correctly  what  they  knew,  liable  even  to  give  false  information 
or  to  exaggerate  dangers,  with  a  view  of  deterring  competition.  The 
common  people,  from  whom  the  bulk  of  the  expedition  was  recruited, 
were  more  or  less  superstitious  and  liable  to  be  discouraged  by  signs  ami 
omens  interpreted  according  to  their  folk-lore. 

Washington's  proficiency  in  the  procedures  involved  in  engineerins: 
enterprises  was  manifested  in  ver\'  early  life.  His  school  copybook^, 
which  are  still  in  existence,  show  neatness  and  skill  in  mathematical 
work  and  in  geometric  drawing.  His  first  remunerative  labor  of 
which  we  have  definite  record  was  in  surveying  portions  of  the  land> 
of  Ix)rd  Fairfax,  located  in  what  was  then  known  as  the  '*  Xortheni 
Neck"  of  Virginia,  now  included,  in  part,  in  West  Virginia.  During 
the  spring  of  1748,  when  Washington  had  just  turned  sixteen  yearv 
of  age,  a  considerable  emigration  of  settlers  was  taking  place  into  the 
region  of  the  Shenandoah,  and  a  need  for  land-surveying  arose.  The 
great  grants  of  land  by  European  monarchs  to  favorites  or  adventurer-* 
(the  latter  term  not  then  being  a  derogator>'  one)  were  often  ma^ie 
vaguely,  by  assigning  some  line  of  longitude  or  latitude,  or  baseii  on 
incomplete  and  erroneous  niaj^s.  The  office  of  surveyor  was  in  gool 
repute;  i)ersons  of  good  social  position  could  undertake  it  \^ithaux 
derogation.  That  Lord  I'airfax  should  have  chosen  for  the  important 
task  of  such  surxeys  a  youth  not  yet  seventeen,  speaks  for  the  ability 
and  trustworthiness  that  must  have  been  recognized  in  young  (ieorge. 
and  the  se(|uel  amply  demonstrated  that  Lord  Fairfax  made  no  mi^*- 
take. 

Washington's  pen  was  active  in  early  childhood.  He  was  not. 
however,  a  literar>'  genius.  He  was  strictly  practical.  It  is  true  a 
few  lines  of  rhyming  dissertation  on  love  are  found  scribbled  upon  the 
sj)are  pages  of  a  memorandum  lK)ok,  but  these  cannot  add  to  hL^ 
fame.     The  following  are  selections  from  these: 
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Twas  Perfect  I^ove  before  )    .  x,-  „„^  tut.    a  .   u;^  wt 
But  Now  I  do  adore  }  ^'  ^^""^  ^^    ""'   ^'^  ^ 

Oh  Ye  Gods  why  should  my  Poor  Resistless  Heart 
Stand  to  oppose  thy  might  and  Power 
At  Last  surrender  to  cupids  feather'd  Dart 
And  now  lays  Bleeding  every  Hour. 

His  earliest  connected  wTiting  is  a  version  of  a  series  of  rules  for  be- 
havior, entitled  "Rules  for  Civility  and  decent  Behavior  in  Com- 
pany and  Conversation."  It  was  formerly  supposed  that  it  was 
original,  but  it  is  now  known  that  in  the  main  it  is  from  the  French; 
but,  as  he  did  not  understand  that  language,  the  translation  was  not 
by  him. 

While  visiting  at  the  house  of  his  brother,  LawTence  Washington, 
at  Mount  Vernon,  he  amused  himself  and  entertained  others  by 
surve\'ing  plots  of  ground  and  making  maps.  One  of  these,  a  map 
of  Lawrence's  turnip  field,  is  still  in  existence,  and  a  facsimile  is  an- 
nexed. The  date  is  sixteen  days  after  the  sixteenth  anniversary  of 
his  birth,  as  the  chronology  is  "old  style,''  a  fact  that  is  further  indi- 
cated in  the  year-mark.  The  year  1748,  according  to  one  system, 
began  on  January'  1st;  according  to  another,  on  March  25th.  To 
avoid  ambiguity  in  dates  during  the  interv^ening  period,  both  year- 
numbers  were  written. 

Much  attention  is  being  given  at  the  present  day  to  the  determination 
of  character  from  handwriting.  I  think  there  is  considerable  basis 
for  the  theory  that  principal  traits  may  be  determined  by  a  such  a 
study.  I  see  in  the  handwriting  of  this  map,  especially  the  legend 
"  surveying, "  e\idence  of  Washington's  traits.  Deliberation,  thorough- 
ness, attention  to  detail,  practical  rather  than  sentimental  tendencies, 
are  exemplified. 

The  notes  of  the  surveys  made  for  Lord  Fairfax  are  in  considerable 
part  extant,  and  have  been  reprinted  with  great  care  by  Dr.  Toner. 
They  begin  with  an  entry  "  A  Journal  of  my  Journey  over  the  Moun- 
tains began  Fr\'day,  the  11  of  March  174-78. 

"Frj'day,  March  11th  1747-8,  Began  my  Journey  in  Company 
with  George  Fairfax,  Esq.,  we  travell'd  this  day  40  miles  to  Mr.  (ieorge 
Neavels  in  Prince  William  County." 

This  start  was  made  from  the  estate  of  Hon.  William  Fairfax,  which, 
in  a  letter  written  many  years  later,  Washington  described  as  "  within 
full  view  of  Mount  Vernon"  and  separated  therefrom  only  by  water. 
A  few  lines  of  the  diar>'  may  be  quoted  exactly  as  written: 


•JafV:  ^M^lf^'^^^^'^f^^  ^ 


uf 


i  .4k 


Mai'  mapk  by  Wa«»hin(jtov  whkn  jcst  past  sixteeh. 
Photographed  from  the  original  in  Library  ol  Congresa. 
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Map  MAnK  by  WA-ii.>r.Toy  when  ji'st  past  sixtbbs. 
PhoU.gr.phod  from  the  orlgln.l  in  Library  ol  CoDgrew. 
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Tuesday  15**  We  set  out  early  with  Intent  to  Run  round  y^  s^ 
Land  but  being  taken  in  a  Rain  &  it  Increasing  very  fast  obliged 
us  to  returUy  it  clearing  about  one  oClock  &  our  time  being  too 
Precious  to  Loose  we  a  second  time  ventured  out  &  Worked  hard 
till  Night  &  then  returned  to  Penningtons  we  got  our  Suppers  & 
nxis  Lighted  into  a  Room  &  I  not  being  so  good  a  Woodsm^an  as 
.V*  rest  of  my  Company  striped  myself  very  orderly  &  went  intoy^ 
Bed  as  they  called  it  when  to  my  Surprize  I  found  it  to  be  nothing 
but  a  Little  Straw — Matted  together  without  Sheets  or  anything  else 
but  only  one  thread  Bear  blanket  with  double  its  Weight  of  Vermin 
such  as  Lice  Fleas  &c  I  was  glad  to  get  up  (as  soon  as  y^  Light 
was  carried  from  us)  I  put  on  my  Cloths  &  Lays  as  my  Companions. 
Had  we  not  have  been  very  tired  I  am  sure  we  should  not  have  slep'd 
much  that  night  I  made  a  promise  not  to  Sleep  so  from  that  time 
forward  chusing  rather  to  sleep  in  y^  open  Air  before  a  fire  as  will 
appear  hereafter 

The  journal  gives  many  notes  of  surveys,  written  in  the  same  manner 
as  to  spelling,  use  of  capitals,  and  absence  of  punctuation  as  exempli- 
fied in  the  extract  given.  In  addition  to  the  fact  already  mentioned, 
that  in  Washington's  time  somewhat  more  laxity  existed  in  these 
matters,  it  must  be  borne  in  mind  that  these  are  merely  rough  notes 
intended  for  his  own  guidance.  He  had  no  thought  that  they  would 
ever  be  of  interest  to  anyone;  much  less  that  they  would  be  treas- 
ured and  published.  As  a  matter  of  fact,  he  was  much  more  careful 
in  wTitings  intended  for  transmission  to  others  or  for  publication, 
making  rough  drafts  first  and  then  recopying  these  after  correcting. 
This  journal  ends,  as  far  as  regards  memoranda  of  the  journey, 
on  Wednesday,  April  13,  1748  (O.  S.),  the  entry  being: 

3/*"  Fairfax  got  safe  home  and  I  myself  safe  to  my  Brothers  which 
concludes  my  Journal 
Many  notes  of  surveys  are  entered,  however,  of  later  date  up  to 
November  3,  1750  (O.  S.).     I  transcribe  one  of  these  as  an  illustration 
of  the  style: 

April  2^  1750 

Then  Surveyed  for  Even  Pugh  a  certain  Tract  of  Waste  and  un- 
granted  Land  Situate  in  Frederick  County  on  the  Trout  Run  a 
branch  of  Cacapehon  &  bounded  as  foUoweth  beg^  at  a  white  Oak 
&  two  Poplars  standi  on  the  Run  &  Run  thence  S  85  E^  Three 
hun^  and  twenty  Poles  to  two  red  Oaks  two  Gums  &  a  Maple  thence 
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N^  40°  W  Three  hund^  &  twerUy  poles  to  a  white  Oak  from  thence 
to  the  Bego  S  27  TT'  244  Po  ConP  226 

Plat  drawn 
David  Edwards  \  >-r  .  vr 
Joseph  Powell   j 
Evan  Pugh  Jun«       Mark 

C:M  stands  for  chainmen;  Mark,  for  marker. 

By  the  death  of  his  brother,  in  1752,  Washington  became  the  owTier 
of  Mount  Vernon.  While  he  did  not  do  much  detail  sur\^ey  work  after 
this^  yet  he  was  ver>'^  active  in  exploration,  and  in  all  his  journeys 
he  kept  records,  and  observed  facts  that  were  to  be  applied  by  him 
in  the  furthering  of  great  engineering  enterprises. 

In  1754  he  went  on  a  mission  to  the  French,  then  actively  operating 
in  the  region  around  Pittsburg.  The  journal  of  this  march  fell  into 
the  hands  of  the  enemy.  Considerable  portions  of  it  were  subsequently 
printed  in  French,  with  annotations,  largely  directed  to  showing  the 
unjust  character  of  the  British  movements. 

It  was  on  this  march  that»  at  Fort  Necessity,  on  July  3,  1754,  he 
had  the  first  encounter  with  the  armies  of  the  French  king,  and  after 
a  gallant  struggle  surrendered. 

In  the  years  immediately  preceding  the  Revolution,  Washington 
made  several  journeys  to  the  territory  of  the  Ohio  and  its  head-waters. 
He  had  already  perceived  the  great  problems  involved  in  the  settle- 
ment of  this  region,  especially  in  relation  to  the  colonies.  At  that 
time  he  was,  of  course,  a  loyal  subject  of  George  III,  and  nothing  was 
further  from  his  thoughts  than  that  he  should  break  that  all^iance. 
He  recognized  the  two  dangers  with  which  the  English  dominion  was 
threatened,  the  encroachments  of  Spain  and  France.  The  latter  were 
settling  and  fortifying  the  regions  immediately  to  the  west  of  the 
colonial  line,  and  the  government  established  there  was  in  two  aspects 
objectionable  to  Washington  and  all  who  were  closely  associated  with 
him.  The  French  were  the  long-standing  enemies  of  the  English  and 
their  monarch  was  the  champion  of  that  phase  of  Christianity  against 
which  the  English  had  fought  so  bitterly  and  which  was  held  in  such 
detestation  and  fear  that  its  adherents  had  for  many  years  been  de- 
barred from  some  civil  rights  in  England. 

Washington  saw  that  the  ranges  of  mountains  lying  to  the  immediate 
westward  of  the  well-settled  portions  of  the  colonies  were  barriers, 
geographically,  socially,  and  politically,  and  that,  unless  early  efforts 
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to  leave  to  others  the  civil  duties  that  had  arisen.  The  condition  of 
the  colonies  at  the  close  of  the  Revolution  was  in  some  respects  worse 
than  before  it.  They  had  gained  independence,  they  had  maintained 
successfully  the  principle  that  taxation  without  representation  is 
tyranny,  but,  on  the  other  hand,  they  had  lost  the  protecting  arm  of 
what  was  probably  the  strongest  nation  in  the  world.  They  had, 
it  is  true,  the  support,  in  some  way,  of  the  French,  but,  as  events  soon 
proved,  this  was  of  no  value,  for  within  a  few  years  came  the  fall  of 
the  Bastille,  the  overthrow  of  the  monarchy,  and  the  Terror.  Indeed, 
before  the  centur}^  expired,  a  war  between  the  friends  had  actually 
broken  out. 

The  thirteen  colonies  were  bound  by  a  loose  federation;  there 
was  no  strong  central  authority.  Local  conditions,  territorial  and 
other  disputes  were  beginning  to  work  disintegration.  Washington 
saw  clearly  that  there  were  few  influences  better  adapted  to  cementing 
these  inter-colonial  bonds  than  a  community  of  business  interests. 
Though  he  had  relinquished  his  official  positions,  he  had  not  relin- 
quished his  interest  in  his  country,  nor  did  he  contemplate  a  hfe  of 
ease  and  idleness.  He  began  at  once  to  make  explorations  and  inves- 
tigations into  the  question  of  internal  improvements.  In  the  autumn 
of  1784  he  made  a  tour  to  the  region  included  between  the  head- waters 
of  the  Potomac  and  Ohio,  to  renew  his  knowledge,  to  obser\'^e  the 
progress  of  settlements,  and  to  be  enabled  to  formulate  more  precisely 
plans  for  the  construction  of  a  public  highway  across  the  mountains. 
Shortly  after  his  return  from  this  expedition,  October  10,  1784,  he 
wrote  a  long  letter  to  Benjamin  Harrison,  Governor  of  Virginia,  in 
which  he  set  forth  in  much  detail  the  views  he  held  and  the  difficulties 
to  be  overcome. 

Letters  were  written  by  him  to  several  other  persons  calling  atten- 
tion to  the  plans  he  had  formulated.  One  to  Marquis  Chastelleux, 
which  is  printed  in  Hon.  Andrew  Stewart's  report  (1st  Sess.,  19th 
Cong.,  No.  228,  H.  R.),  will  show  his  views  vividly: 

"  I  have  lately  made  a  tour  through  lakes  George  and  Champlain, 
as  far  as  Crown  point,  then  returning  to  Fort  Schuyler,  crossed 
over  to  Wood  creek  which  empties  into  Onieda  lake  and  affords 
water  communication  with  Ontario.  I  then  traversed  the  coun- 
try to  the  head  of  the  eastern  branch  of  the  Susquehannah,  and 
viewed  lake  Otswego  and  the  portage  between  that  lake  and  the 
Mohawk  River  at  Conajoharie.  Prompted  by  these  actual  ob- 
servations, I  could   not  help  taking  a  more  contemplated  and 
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extensive  view  of  the  vast  inland  navigation  of  these  United 
States  ******!  shall  not  rest  contented  until  I 
have  explored  the  western  countn%  and  traversed  those  lines  (or 
a  great  part  of  them)  which  have  given  bounds  to  a  new  empire. " 
Among  his  manuscripts  are  some  calculations  as  U)  the  comparative 
distance  by  water  routes  and  roads,  as  follows: 

Distance  from  Detroit  to  the  several  Atlantic  seaports. 
From  Detroit  by  the  route  through  Fort  Pitt  and  Fort  Cumber- 
land 

To  Alexandria  607  miles 

"   Richmond  840      " 

"   Philadelphia  745      " 

*'   Albany  943      " 

•*   New  York  1103      " 

Al>out  this  time  Washington  made  a  map  sho^^ing  the  water-courses 
of  the  Potomac  and  Ohio  and  the  relation  of  them  to  the  main  divide 
between  these  river-systems.  A  facsimile  of  this  has  been  obtained 
from  Stewart's  report.  The  plan,  it  will  be  seen,  was  to  establish  a  port- 
age across  the  divide.  This  is  indicated  by  the  dotted  line  A  B.  More 
than  a  quarter  of  a  century  afterwards  the  United  States  engineers, 
after  their  surveys,  laid  down  a  portage  line  only  about  a  mile  below 
that  suggested  by  Washington.  Another  and  longer  line  of  porta^ 
is  indicated  from  Cumberland  into  a  region  which  is  now  part  of  Fayette 
County,  Pennsylvania.  He  had  studied  this  latter  region  in  his  cam- 
paign of  1754,  that  ended  in  the  disaster  at  Fort  Necessity. 

In  connection  with  these  plans  he  prepared  a  statement  as  to  the 
difficulties  to  be  encountered,  partly  as  follows: 

**  From  the  mouth  of  Patterson's  creek  to  the  beginning  of 
Shenandoah  falls,  there  is  no  other  obstacles  than  shallow  water, 
thence  for  six  miles,  rocky,  s\nft  and  uneven  water,  in  which 
distance  there  are  four  falls;  the  first  tolerably  clear  of  rocksj. 
but  shallow,  may  be  much  amended  by  a  passage  on  the  Mary- 
land side.  Two  miles  from  this,  and  half  a  mile  below  the  Shen- 
andoah is  the  spout,  a  considerable  rapid  of  swift  and  uneven 
water,  which  is  confined  to  a  narrow  passage;  a  passage  to  avoid 
this  by  removing  some  rocks  on  the  Mar\dand  side  may  be  had. 
One  of  the  other  two  falls  is  also  swift  and  ugly,  not  much  unlike  the 
spout,  but  a  passage  between.  Plight  miles  lower  down  is  another 
fall,  but  easy  and  passable.  Two  miles  further  are  a  cluster  of 
small  Islands  with  rocks  and  rapid  waters — from  hence  to  Seneca 
Falls  fine  smooth  water;  Seneca  falls  not  verv  difficult." 
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In  a  communication  to  Governor  Johnson  (of  Maniand),  who 
favored  a  limited  enterprise,  he  ^\Tote : 

"  Whereas  if  it  was  recommended  to  the  public  notice  upon  a  more 
enlarged  plan,  and  as  a  means  of  becoming  the  channel  of  conveyance 
of  an  extensive  and  valuable  trade  of  a  rising  empire,"  going  on  to 
say  that  the  effort  to  form  a  company  to  explore  the  plan  would  be 
more  likely  to  be  successful  if  undertaken  on  a  large  scale. 

The  result  of  the  active  and  intelligent  propaganda  carried  on  by 
Washington  was  that  the  citizens  of  Virginia  took  up  the  question  of 
the  improvement  of  western  transportation.  I^ocal  jealousies,  even 
within  the  State,  were  such  that  in  order  to  secure  the  interest  of 
some  sections  a  second  scheme  had  to  be  included,  namely,  the  im- 
provement of  the  James  River. 

In  the  latter  part  of  1784  a  bill  was  passed  by  the  I..egislature  of 
Virginia  providing  for  the  incorporation  of  companies  for  these  pur- 
poses. Washington  at  once  wTote  to  Madison,  then  a  prominent 
member  of  the  Virginia  legislature,  earnestly  recommending  the  ap- 
pointment of  commissioners  with  full  powers  to  consult  with  com- 
missioners that  might  be  appointed  by  the  Legislature  of  Mar>iand 
(the  concurrent  action  of  which  was  necessary  to  any  operations  on 
the  Potomac).  These  joint  commissioners  were  to  prepare  a  bill 
that  would  be  acceptable  to  both  States.  The  Virginia  I^islature 
promptly  agreed  to  this  suggestion,  and  the  commissioners  named 
were  (leorge  Washington,  Horatio  (Jates,  and  Mr.  Blackburn.  On 
December  22d  the  commissioners  met  those  designated  by  the  I^egLs- 
lature  of  Maryland,  among  whom  was  Charles  Carroll  of  Carrollton, 
and  organized  by  appointing  Washington  as  chairman. 

After  much  discussion  a  report  was  unanimously  adopted,  tlie 
features  of  which  were  that  joint  action  should  be  taken  by  the  t\vf> 
States  to  open  the  navigation  of  the  Potomac  to  boats  of  light  draft, 
and  that  roads  be  constructed  at  points  at  which  navigation  is  not 
practicable,  such  roads  being  laid  out  so  as  to  pass  through  Maryland 
and  Virginia  only  and  avoid  Pennsylvania  soil. 

Bills  embcKlying  these  plans  and  providing  for  incorporation  of 
"The  Potomac  Company'*  were  soon  drawTi  and  passed  b\'  the  States 
concerned.  Passing  over  the  many  formal  clauses  of  the  law,  it  will 
be  sufficient  to  quote  the  following,  which  suggests  the  scope  of  the 
work : 

That  the  tolls  hereinbefore  allowed,  to  be  demanded  and  received 
at  the  nearest  convenient  place  below  the  mouth  of  the  South 
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Branch  are  granted,  and  shall  be  paid  on  condition  only,  that  the 
Potomac  Company  shall  make  the  river  well  capable  of  being 
na\dgated  in  dry  seasons  by  vessels  drawing  one  foot  water,  from 
the  place  on  the  North  Branch  at  w^hich  a  road  shall  set  off  to  the 
Cheat  River,  agreeably  to  tjie  determination  of  the  Assemblies 
of  Virginia  and  Marjdand.     *     *     * 

In  testimony  of  the  pubhc  appreciation  of  the  value  of  Washington's 
services  the  Legislature  of  Virginia  passed  a  bill  vesting  in  him  fifty 
shares  of  the  Potomac  Company  and  one  hundred  shares  of  the  James 
River  Company.  News  did  not  travel  in  those  days  as  it  does  now, 
nor  was  it  collected  or  published  in  modem  fashion.  No  yellow  jour- 
nal existed  which  could  announce  these  facts  in  red  letters,  three 
inches  long,  on  the  front  page,  together  with  interviews  with  promi- 
nent parties. 

The  Governor  of  Virginia,  Benjamin  Harrison,  by  letter  advised 
Washington  of  the  action  of  the  Legislature.  Washington  replied  in 
a  letter  that  ought  to  be  read  by  every  citizen  of  the  United  States. 
In  this  he  requested  that  the  gift  be  made  to  him  only  in  trust,  so  that 
he  might  by  will  devise  it  for  public  purposes. 

On  May  17,  1785,  a  public  meeting  of  the  shareholders  of  The  Poto- 
mac Company  was  held  at  Alexandria,  Va.,  and  it  was  reported  that 
403  shares  of  the  stock  had  been  subscribed  at  £100  per  share,  or,  as 
the  act  expressed  it,  $444|,  a  total  of  nearly  $180,000.  The  company 
was  organized  and  Washington  was  elected  president. 

It  will  not  be  necessar\'  to  follow  in  detail  the  course  of  its  histor>'. 
The  difficulties  in  its  work  were  great,  and  it  failed  after  a  long  struggle, 
but,  like  so  many  other  enterprises  and  efforts,  its  failure  showed  the 
way  to  successes.  The  construction  of  the  p]rie  Canal  showed  that 
more  could  be  done  in  aid  of  water-transportation  by  such  method 
than  by  slack- water  systems  in  torrential  streams. 

"  *Ti8  not  in  mortals  to  command  success, 
But  we'll  do  more,  Sempronius,  we'll  deserve  it." 

Washington  did  not  use  this  motto,  possibly  he  did  not  know  it, 
but  he  represents  its  principles.  He  had  done  ever\^thing  that  could 
be  done  in  his  time  to  the  furtherance  of  the  plan,  and  if  other  methods 
of  transportation  had  not  been  invented,  a  completion  of  the  w  ork,  even 
at  large  outlay,  would  have  been  required. 

An  interesting  item  in  the  minutes  of  the  company  is  the  record  of 
trouble  with  laborers,  and  a  resolution  to  appoint  agents  at  Baltimore 
2 


294  Leffmann — George  Washington  as  an  Engineer, 

and  Philadelphia  to  purchase  sixty  servants  for  the  use  of  the  company. 
The  plan  apparently  failed,  for  later  it  was  decided  to  hire  laborers. 

Washington  continued  ^o  serve  as  president  until  1788.  when  it 
became  evident  that  he  would  be  called  to  a  presidency  of  orrrater 
moment. 

In  1822,  after  thirty-six  years  of  effort,  and  the  expenditure  of  over 
$700,000,  the  Potomac  Company  went  to  piecas,  and  upon  its  ruins 
arose  The  Chesapeake  and  Ohio  Canal.  In  all  these  years  only  one 
<lividend  ($5.50  per  share)  had  been  paid. 

The  James  River  Company  was  more  fortunate.  It  was  organ ize<i 
in  1784  ^\ith  a  stock  of  500  shares  at  $200  per  share,  and  by  October. 
1785,  $98,600  of  this  had  been  taken.  By  1790.  a  considerable  part 
of  the  canal  was  in  operation.  Washington  was  offered  the  first  presi- 
dency, but  could  not  accept.  After  the  enterprise  was  well  estab- 
lished, it  was  taken  over  by  a  new  company,  the  original  stockholders 
receiving  an  annuity  of  15  per  cent,  on  a  capital  of  $140,000.  a  total 
annual  rental  of  $21,000. 

By  act  of  legislature,  Washington  had  been  presented  with  100  shares 
of  this  stock,  which  he  accepted  only  as  a  trust.  He  bequeathed  it  to 
Liberty  Hall  Academy,  which  afterward  became  Washington  College 
and  is  now  Washington  and  Lee  University. 

He  bequeathed  his  Potomac  Company  stock  (50  shares)  to  found  an 
institution  in  the  District  of  Columbia,  but,  as  noted,  this  became 
valueless. 

I  have  sought  in  this  essay  to  bring  together  facts  that  will  assist  in 
showing  that  Washington  possessed,  and  in  his  own  day  was  esteemed 
for,  abiUties  that  are  now  not  often  ascribed  to  him.  Of  his  many 
merit.s,  none  seems  to  me  more  striking  and  more  valuable  to  the  new- 
bom  nation  than  his  foresight,  his  early  perception  of  the  importance  of 
highways  of  commerce.  His  advocacy  of  engineering  constructions 
was  based  upon  laborious  and  dangerous  journeys,  but  he  was  not  a 
mere  globe-trotter.  He  was,  through  his  training  as  a  sur\'eyor.  ca|>- 
able  of  ascertaining,  interpreting,  and  recording  all  the  data  necessary* 
to  present  his  plans  to  those  who  were  to  assist  in  developing  them. 
In  the  records  of  the  two  companies  which  were  fomied  to  impn>ve 
Virginia  waters,  we  have  ample  evidence  of  the  great  confidence  in 
which  he  was  held  by  all  classes  of  citizens. 

It  has  been  said  by  Professor  McMaster  that  in  spite  of  all  that  has 
been  written  and  spoken  about  Washington,  the  world  does  not  know 
the  man. 
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This  has  been  largely  due,  as  I  have  said,  to  the  disproportionate 
brilliancy  of  certain  periods  of  his  life,  but  an  unfortunate  tendency 
to  idealize  him  has  been  also  responsible.  The  biographers  and  histo- 
rians pass  over  the  striking  features  of  his  early  life,  but  they  record 
the  stor>'  that  he  said  that  the  mosquitos  were  so  bad  at  Skenesboro* 
that  they  bit  through  the  leather  of  his  boots.  This  story,  which  might 
give  much  pain  to  those  who  have  formed  their  ideas  of  him  from  the 
incident  reported  from  his  father^s  orchard,  was  after\vard  explained 
by  the  statement  that  he  really  said  that  they  bit  through  his  stock- 
ings above  the  boots.  His  career  lay  too  far  within  the  period  of  sci- 
entific activity  to  be  completely  subjected  to  myth-making  tendencies. 
A  similar  personality  two  thousand  years  ago  would  have  been  as 
completely  overlaid  with  legend  and  folk-lore  as  are  the  heroes  of  the 
great  empires  or  religions. 

It  will  be  the  duty  of  some  historian  to  give  us  a  correct  picture  of 
this  great  man,  and  when  this  is  done,  I  feel  sure  that  alongside  of 
Washington  the  General,  and  Washington  the  President,  will  stand 
as  a  shining  example,  Washington  the  Engineer. 

I  desire  to  acknowledge  with  thanks  the  assistance  in  obtaining 
materials  for  this  paper  rendered  by  Mr.  T.  Wilson  Hedley,  Librarian 
of  the  Mercantile  Library;  Mr.  Herbert  Friedenwald,  formerly  in 
charge  of  MSS.  in  Library  of  Congress,  and  Dr.  C.  H.  lincoln,  at  present 
in  charge;  also  to  Dr.  W.  J.  Campbell  for  loan  of  a  facsimile  of  a 
Washington  map,  and  to  The  Rosenbach  Company  for  permission  to 
examine  the  original  of  the  same  and  reproduce  it  for  publication. 
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SOME  EXAMPLES  OF  RECENT  MAIN  SEWER  CONSTRUCTION 
BY  THE  CITY  OF  PHILADELPHIA. 

C.  H.  OTT. 
Read  May  11,,  190k. 

The  large  territor}"  covered  by  the  city  of  Philadelphia,  \*iz.,  one 
hundred  and  twenty-nine  square  miles,  containing  withm  its  boundaries 
not  only  a  large  area  closely  built  up  and  densely  populated,  but  also- 
a  large  number  of  thickly  settled  areas  of  a  suburban  character, 
together  with  its  topographical  and  geological  characteristics,  offers 
a  number  of  more  or  less  difficult  problems  in  the  design  and  con- 
struction of  its  sewerage  systems  from  engineering,  sanitary',  and 
financial  standpoints. 

Until  1854,  the  time  of  the  consolidation  of  the  old  city  of  Phila- 
delphia with  its  varied  environs  of  districts,  boroughs,  and  townships, 
thereby  making  the  limits  and  jurisdiction  of  the  city  conterminous 
with  the  County  of  Philadelphia,  the  total  length  of  main  sewen- 
(sewers  exceeding  three  feet  in  diameter)  amounted  approximately 
to  18  miles,  a  considerable  portion  of  which  length  consisted  of  short 
sections  of  culverts  canying  streams  under  roadway  and  street  em- 
bankments. 

The  total  length  of  branch  sewers  (sewers  of  three  feet  or  lesis  in 
diameter)  approximated  19.5  miles,  the  greater  portion  of  which  was 
laid  within  the  limits  of  the  old  city  or  in  the  districts  immediately 
adjacent  thereto. 

From  1855  to  the  present  time  the  construction  of  sewers  by  the 
city  of  Philadelphia  has  been  in  steady  progress  under  average  annual 
expenditures  of  $240,000  for  main  sewers  and  $230,000  for  branch 
sewers;  the  culmination  of  expenditure  and  of  lengths  constructed 
in  any  one  year  being  reached  in  1894,  when  19.4  miles  of  main  sewers 
costing  $1,462,000,  and  62.9  miles  of  branch  sewers  costing  $1,141.00(1, 
w^ere  constructed. 

The  total  length  of  sewers  constructed  to  January,  1904,  amounteil 
to  160.4  miles  of  mains,  involving  an  exi)enditure  of  $12,244,0(X). 
and  of  729.7  miles  of  branches,  involving  an  expenditure  of  $11,088,000. 
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During  the  earlier  periods  of  construction,  owing  partly  to  the 
immediate  necessities  and  demands  of  building  interests  and  opera- 
tions and  partly  to  the  limits  of  the  legislation  and  application  of' 
appropriations,  disconnected  lengths  of  main  sewers  were  built  de- 
pending for  outlets  upon  the  nearest  available  open  streams,  which  in 
consequence  soon  became  ver\^  foul.  In  numbers  of  cases  such 
temporary  outfalls  into  streams  occurred  several  miles  distant  from 
the  pomt  of  final  outfall  into  the  Delaware  River  or  into  the 
Schuylkill  River  below  P'airmount  dam;  generally,  however,  all  of 
these  disconnected  lengths  of  main  sewers  were  designed,  located, 
and  constructed  in  harmony  ^vith  and  as  a  part  of  the  general  sewer 
system  of  the  drainage  basins  in  which  they  were  built. 

During  the  later  periods  of  construction  it  has  been  the  policy  of 
the  Chief  Engineer  of  the  City  of  Philadelphia  to  close  the  gaps  formed 
between  the  various  lengths  of  sewers  built  in  scattered  locations, 
so  as  to  form  progressively  continuous  structures  from  the  permanent 
outfalls  to  the  head  of  each  drainage  basin.  In  pursuance  of  this 
poUcy  a  number  of  large  outfall  sewers  have  been  constructed  in 
recent  years.  These  outfall  sewers  generally  pass  over  or  throiigh 
long  reaches  of  river  shores  or  of  meadows  back  of  the  river  banks, 
and  owing  to  their  large  cross-sections,  the  low  elevations  of  the 
street  grades,  the  shallow  depth  of  street  covering  and  the  character 
of  the  ground  in  which  they  are  built,  require  special  design  both  as  to 
their  main  body  and  foundation  construction. 

Referring  again  to  the  geological  situation  of  the  city  of  Philadel- 
phia in  connection  with  the  construction  of  its  systems  of  main  and 
branch  sewers  now  completed,  in  progress,  or  projected,  and  having 
their  outlets  into  the  Delaware  River  or  into  the  Schuylkill  River 
below  Fairmount  dam,  it  is  generally  found  that  the  materials  en- 
countered in  the  excavation  of  the  sewer  trenches,  in  order,  advancing 
from  the  outfalls,  are  as  follows:  (1)  Alluvial  deposits,  principally 
silt  of  various  degrees  of  compactness  and  depth,  in  which,  in  certain 
locations,  bearing-piles  ranging  from  7  to  70  feet  in  length  are  re- 
quired, to  form  suitable  foundations.  (2)  Filled  ground  and  loamy 
material ;  fine  and  coarse  sand  either  firm  or  water-bearing  and  quick ; 
firm  water-bearing  gravel  often  containing  a  small  amount  of  clay 
or  other  binding  material  and  some  small  boulders.  (3)  Loam,  clay, 
firm  or  water-bearing  sand  or  gravel,  decomposing  mica  schist  or 
hard  mica  schist.  (4)  Decomposing  and  hard  mica  schist,  gneissic 
rocks  varied  in  character,  with  occasional  dikes  of  syenite. 
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The  vamng  character  of  the  materials  encountered  in  the  trenches 
in  which  the  sewers  are  laid  and  as  outlined  in  the  foregoing,  involves 
the  design  and  construction  of  foundations  and  subfoundations  a» 
follows : 

1.  Subfoundations  of  piles  and  platform;  of  platform  only  and  of 
grillage. 

2.  Foundations  of  rubble  masonr>^  or  concrete  cradles. 

3.  Foundations  of  the  original  hard  rock  shaped  as  clasely  as  possible 
to  the  extrados  of  the  sewer  invert;  where  such  material  is  encountered 
the  entire  work  is  frequently  constructed  in  tunnel  if  the  conditions 
are  suitable. 

Types  of  Construction. 

The  Shunk  Street  sewer  system  is  situated  in  the  southeastern  sec- 
tion of  the  city  and  ^\^ll  serve  a  drainage  area  of  about  150  acres. 

The  construction  is  typical  of  that  through  soft  alluvial  ground, 
and  consists  of  a  pile  and  platform  foundation,  full  masonr>'  cradle. 
and  brick  invert  and  arch.  The  section  is  circular,  7  feet  6  inches  in 
diameter,  and  cost,  inclusive  of  the  timber  foundation,  $38.00  per  foot. 
(See  Figs.  I  and  3.) 

The  Swanson  Street  sewer  is  situated  in  the  southeastern  section  of 
the  city  and  serves  a  drainage  area  of  150  acres.  This  sewer  is  a 
rectangular  section  concrete  sewer  with  I-beam  and  concrete  arch  top  : 
on  pile  and  platform  foundation.  Its  section  is  5  feet  6  inches  vertical 
by  8  feet  horizontal,  and  cost  $46.32  per  foot  inclusive  of  the  timber 
foundation.     (See  Figs.  4  and  5.) 

The  McKean  Street  sewer  system  is  also  situated  in  the  south- 
eastern section  of  the  city  and  will  serve  a  drainage  area  of  about  150 
acres.  A  portion  of  this  sewer  (1168  feet)  is  of  the  reinforced  con- 
crete type,  the  reinforcement  being  of  twisted  steel  bars,  and  is  built 
directly  upon  piles  without  a  timber  platform.  This  sewer  is  rec- 
tangular, 8  feet  by  5  feet  6  inches  in  section,  and  the  roof  is  partly 
formed  and  wholly  supported  by  beams  of  reinforced  concrete.  Prior 
to  the  construction  of  this  type  of  sewer,  an  experimental  full-sized 
section  6  feet  in  length  was  built  above  ground.  The  roof  of  this 
section  was  loaded  with  43,240  pounds  of  pig-iron  supported  on  a 
wooden  base  of  four  square  feet  centrally  placed  on  the  roof.  Thl* 
load  was  sustained  without  any  material  deflection,  deformation,  or 
signs  of  failure  in  the  section.  The  cost  of  this  sewer  was  $42.66  per 
foot  inclusive  of  the  pile  foundation.     (See  Figs.  6  and  7.) 
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The  Wakeling  Street  sewer  is  situated  in  Frankford  and  will  serve 
a  drainage  area  of  2700  acres.  At  the  outfall  the  sewer  is  rectangular 
in  section,  16  feet  by  10  feet  6  inches  in  dimensions,  and  is  of  concrete 
throughout  with  I-beam  and  concrete  arch  top.  The  greater  portion 
of  this  section  built  (525  feet)  is  founded  on  firm  coarse  gravel,  and 
on  such  foundation  has  cost  $59.00  per  foot.     (See  Figs.  8  and  9.) 

The  Thomas  Run  sewer  system  is  located  in  West  Philadelphia 
and  is  generally  founded  on  rock  throughout  its  entire  drainage  basin, 
which  embraces  1100  acres.  The  section  is  circular  throughout  and 
at  the  outfall  is  11  feet  in  diameter,  constructed  in  full  masonr}* 
cradle  with  belgian  block  invert  and  brick  arch.  This  section  of  this 
sewer  cost  $28.40  per  foot.     (See  Figs.  2  and  10.) 

The  Courtland  Street  sewer  is  a  part  of  the  Wingohocking  Creek 
sewer  system,  draining  a  portion  of  the  northern  and  northwestern 
section  of  the  city,  and  ser\'es  a  drainage  area  of  4400  acres.  At  its 
present  outfall  it  is  of  an  inverted  egg-shaped  section  with  a  bore 
equivalent  to  a  circle  17  feet  3  inches  in  diameter  and  is  constructed 
in  full  cradle  with  belgian  block  invert  and  brick  arch.  This  section 
of  sewer  cost  $56.00  per  foot.     (See  Figs.  11  and  13.) 

The  George^s  Run  sewer  is  situated  in  northern  West  Philadelphia 
and  serves  a  drainage  area  of  232  acres.  A  portion  of  this  sewer 
was  constructed  in  tunnel,  a  section  of  which  with  vitrified  shale 
brick  invert  is  shown  by  Figure  12.  The  cost  of  this  construction  was 
$20.60  per  foot. 

The  Cohocksink  sewer  has  its  outfall  at  the  Laurel  Street  wharf, 
Delaware  River,  and  serves  a  drainage  basin  of  2500  acres,  extending 
westwardly  to  Ridge  Avenue  and  Dauphin  Street.     The  greater  por- 
tion of  this  sewer  system  was  constructed  many  years  ago  and  before 
the  general  use  of  cement  mortar  became  customary-  in  culvert  or 
sewer  work.     A  considerable  portion  of  the  brick  invert  of  this  sewer 
was  laid  without  any  mortar  in  two-ring  rowlock  bond,  and  the  arch 
was  laid  in  lime  mortar  of  a  fair  quaUty.     Failures  of  this  ancient 
sewer  have  occurred  from  time  to  time  from  the  following  causes: 
(1)  Insufficient  cradle  foundations;  (2)  the  tmring  <mt  af  the  rtywloek 
brick  courses  of  the  invert  by  the  great  volume  and  velocity  of  i\o(''^ 
discharges;   (3)  the  wearing  away  of  the  invrrt  by  the  constant  ff 
charged  in  rainy  weather  with  a  considerable  <]nantii  y  of  j^riUy  xnu' 
(4)  in  several  instances  the  bursting  by  snrc:har)ie  ilunng  ex&B 
rainfalls  coincident  with  high  tides.     The  rocuiLstmctioii  of  thl^ 
tive  portions  of  this  sewer  has  been  in  active  progress  diiring 
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ten  years  and  it  is  the  plan  of  the  Bureau  of  Surveys  to  continue  this 
reconstruction  until  all  defective  portions  of  this  sewer  system  are 
replaced  by  modem  work.  The  surcharge  of  this  sewer  has  also  been 
relieved  by  the  construction  of  two  relief  sewers,  one  of  which  was  com- 
pleted some  years  ago,  the  other  having  just  been  completed.  There 
has  never  been  a  break  in  those  portions  of  this  sewer  which  have 
been  reconstructed  during  the  past  ten  years  under  modem  method^. 
The  cost  of  the  reconstmction  has  varied  from  $45.00  to  $90.00  |>er 
foot,  depending  upon  the  depth  of  the  excavation.     (See  Fig.  14.) 

DISCUSSION. 

Geohge  S.  Webster. — lu  some  of  the  old  sewers  which  have  rau>«e<l  trouble 
in  the  city  of  Philadelphia  it  has  been  found  upon  investigation  that  the  brick 
inverts  were  partly  or  wholly  worn  out;  this  was  especially  true  where  the 
velocities  were  great  and  where  gravel  or  other  hea\^'  material  had  entered 
the  sewer.  To  avoid  this,  in  modem  construction  the  inverts  of  brick  ?sewers 
having  high  velocities  are  built  with  granite  or  trap  rock  blocks.  Where  the 
velocity  of  the  sewer  when  running  full  will  be  less  than  12  feet  per  !*ec<md. 
and  more  than  8  feet  i)er  second,  vitrified  shale  bricks  are  used,  and  for  velocities 
lower  than  8  feet  per  second  the  inverts  are  formed  of  hard-bunietl  clay 
bricks. 

In  designing  sewers  the  following  table  has  l>een  adopted,  giving  the  gra4iieut> 
for  the  determination  of  the  materials  to  l>e  lused  in  sewer  inverts. 

At  a  numl>er  of  places  in  the  old  Cohocksink  sewer,  which  is  13  feet  in  diameter, 
the  bottom  was  found  to  have  been  completely  carried  away.  The  ordinary- 
flow  amounts  to  about  2  feet  in  depth.  In  making  examinations,  ins|>ectorv;, 
walking  through  the  sewer  with  a  safety  line,  would  at  points  suddenly  drop 
into  holes  two  or  three  feet  deep,  showing  that  the  whole  foundation  had  wa>he<l 
out,  leavhig  the  arch  with  but  little  supjwrt. 

All  large  sewers  built  in  recent  years  have  been  founde<l  in  masonry-  or  con- 
crete cradles. 

Mr.  Ott. — .All  of  the  rectangular  section  sewers  sho^-n  were  built  where  they 
will  have  ver>'  shallow  depths  of  covering.  The  construction  of  the  oniiiuLr\* 
brick  arch  tyi)e  was  prohibitory.  The  departure  from  the  circular  or  ajjproxi- 
mately  circular  form  is  only  warranted  by  such  conditions  of  location,  inasmuch 
a.s  the  j)rices  bid  for  circular  brick  sewers  have  l)een  somewhat  less  than  tho^e 
bid  for  rectangular  section  concrete  sewers,  with  or  without  reinforcement, 
the  conditions  of  risk,  excavations,  foundations,  and  duties  being  equal,  iien- 
erally  the  rectangular  section  is  not  desirable  for  a  sewer  of  variable  flow. 

Wm.  Kasby,  Jr. — Have  any  systematic  sewer  gaugings  been  made  in  the 
city  of  Philadelphia;  and  if  so,  are  they  published? 

Mr.  Wehster. — There  have  been  established  six  pluviometer  ^ation<, 
widely  distributed  over  the  area  of  the  city,  where  delicate  automatic  recording 
instnmients,  giving  the  amount  and  the  intensity  of  the  rainfall,  are  main- 
tained.     There  have  also  l>een  established  five  sewer  gauging  statiom*  contain- 
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ing  self-recording  instruments.  The  velocity  of  the  flow  in  the  sewers  is  fre- 
quently determined  by  means  of  velocity  meters.  This  work  has  just  been 
systematically  commenced,  but  is  not  yet  fully  inaugurated.  Some  of  the 
results  will  appear  in  the  Annual  Report  of  the  Bureau  of  Sur\'eys,  which  will 
be  issued  in  June. 

F.  ScHi'MANN. — Is  any  data  exist uig  as  to  the  comparative  cost  of  the  con- 
crete compared  with  the  circular  or  arched  sewer? 

Mr.  Ott. — The  first  section  of  the  McKean  Street  sewer,  rectangular  in 
section,  8  feet  by  5  feet  6  inches,  was  built  on  pile  and  platform  foundation, 


TABLRS  OF  GRADIENTS  FOR  THE  DETERMINATION  OF  THE  MATE- 
RIALS TO  BE  USED  IN  SEWER  INVERTS. 
Tables  for  Circular  Sewers. 


VrrRiFiKD  Shale  Brick  Invbrt  to  Sprinoino 

Line  to  be  ubed  in  all.  Cases  where 

Gradients  are  More  I'han  : 


Diameter. 


3  feet  0 

3  feet  6 

4  feetO 

4  feet  6 

5  feet  0 

5  feet  6 

6  feet  0 

6  feet  6 

7  feet  0 

7  feet  6 

8  feet  0 

8  feet  6 

9  feet  0 
9  feet  6 

10  feet  0 

10  feet  6 

11  feet  0 

11  feet  6 

12  feet  0 

12  feet  6 

13  feet  0 

13  feet  6 

14  feet  0 

14  feet  6 

15  feet  0 

15  feet  6 

16  feet  0 

17  feet  0 


inches 
nches 
nches 
nches 
nches 
nches 
inches 
nches 
inches 
nches 
nches 
nches 
inches 
inches 
nches 
nches 
nches 
nches 
nches 
inches 
nches 
nches 
nches 
nches 
nches 
nches 
nches 
nches 


Grade  Per  100  Feet. 

1.000  feet 
0.788  feet 
0.652  feet 
0.553  feet 
0.478  feet 
0.420  feet 
0.373  feet 
0.335  feet 
0.303  feet 
0.277  feet 
0.254  feet 
0.234  feet 
0.217  feet 
0.203  feet 
0.190  feet 
0.178  feet 
0.168  feet 
0.158  feet 
0.150  feet 
0.142  feet 
0.135  feet 
0.129  feet 
0.123  feet 
0.118  feet 
0.113  feet 
0.108  feet 
0.104  feet 
0.097  feet 


Note. — These  j^radients  are  figured 
for  a  mean  velocity  of  8  feet  per 
.second  running  full  or  half  full.  When 
running  0.3  full,  velocity  =  6.24  feet 
per  second. 


Stone  Block  Invert  to  Springing  Line  to 
BE  Used  in  all  Cases  where  Gradi- 
ents are  More  Than  : 


Diameter. 


3  feet  0 

3  feet  6 

4  feet  0 

4  feet  6 

5  feet  0 

5  feet  6 

6  feet  0 

6  feet  6 

7  feet  0 

7  feet  6 

8  feet  0 

8  feet  6 

9  feet  0 
9  feet  6 

10  feet  0 

10  feet  6 

11  feet  0 

11  feet  6 

12  feet  0 

12  feet  6 

13  feet  0 

13  feet  6 

14  feet  0 

14  feet  6 

15  feet  0 

15  feet  6 

16  feet  0 

17  feet  0 


nches 
inches 
nches 
nches 
inches 
inches 
nches 
nches 
nches 
nches 
nches 
nches 
nches 
nches 
nches 
nches 
nches 
nches 
nches 
nches 
inches 
nches 
nches 
nches 
nches 
nches 
nches 
nches 


Grade  Per  100  Feet. 

2.207  feet 
1.782  feet 
1.466  feet 
1.244  feet 
1.076  feet 
0.944  feet 
0.839  feet 
0.753  feet 
0.682  feet 
0.623  feet 
0.572  feet 
0.527  feet 
0.489  feet 
0.456  feet 
0.427  feet 
0.401  feet 
0.378  feet 
0.356  feet 
0.338  feet 
0.320  feet 
0.305  feet 
0.291  feet 
0.278  feet 
0.265  feet 
0.254  feet 
0.244  feet 
0.235  feet 
0.218  feet 


Note. — These  gradients  are  figured 
for  a  mean   velocity  of    12  feet  per 

second  running  full  or  ha^ '  ^n 

running  0.3  full,  veloci 
per  second. 
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Tables  for  Egg-shaped  Sewers. 


ViTRinED  Shale  Brick   Invert  (See  Std. 

Details)  to  be  Used  in  all  Cases  where 

Gradients  are  More  Than: 


Stone  Block  Invert  (See  Std.  Dbtajls)  to 
I,        BE  Used  in  all  Cases  where  Gradi- 
ents ARE  More  Than  : 


2feet3 
2feet6 
3  feet  0 
3  feet  3 

3  feet  6 

4  feet  0 
4  feet  6 


Diameters. 

inches  Xl  foot 
inches  Xl  foot 
inches  X  2  feet 
inches  X  2  feet 
inches  X  2  feet 
inches  X  2  feet 
inches  X  3  feet 


Grade  Per , 
100  Feet  I 


6  inches 
8  inches 
0  inches 
2  inches  | 
4  inches , 
8  inches 
0  inches 


40  feet 
00  feet 
75  feet 
,40  feet 
.25  feet 
.00  feet 
.85  feet 


Note. — These  gradients  are  figured 
for  a  mean  velocity  of  8.32  feet  per 
second  running  full  or  half  full.  When 
running  0.3  full,  velocity  —  6.24  feet 
per  second. 


Diameters. 


GrmdePer 
lOO  Feet 


2  feet  3  inches  X 1  foot  6  inches  5.40  fe«t 

2  feet  6  inches X 1  foot  8  inches  4.50  feet 

3  feet  0  inches X  2  feet  0  inches  4.00  feet 
3  feet  3  inches  X  2  feet  2  inches,  3.00  feet 

3  feet  6  inches X  2  feet  4  inches'  2.75  feet 

4  feet  0  inches  X  2  feet  8  inches,  2.30  feet 
4  feet  6  inches  X  3  feet  0  inchest  2.00  feet 


Note. — These  gradients  are  figurei! 
for  a  mean  velocity  of  12.48  feet  per 
second  running  full  or  half  fuU.  When 
running  0.3  full,  velocity  —  9.36  feet 
per  second. 


side  walls  and  invert  of  concrete  not  reinforced,  top  of  I-beams  and  coiirrete 
arches,  and  cost  inclusive  of  the  timl>er  foundation  $46.32  per  Hnear  foot.  .\ 
continuation  of  the  same  sewer  of  the  same  section,  but  built  of  reinforre*! 
concrete  on  pile  foundation,  cost  $42.66  per  linear  foot,  inclusive  of  the  pil*- 
foundation.  The  work  was  done  by  different  contractors  and  Is  in  favor  of  the 
reinforced  concrete  const niction  at  the  rate  of  $3.66  per  linear  foot.  The  con- 
tinuation of  the  reinforced  concrete  sewer  without  timber  foundation  co««t 
$32.00  per  linear  foot,  and  a  circular  brick  sewer  having  the  same  capacity  and 
duty,  being  a  continuation  of  the  rectangular  reinforcetl  concrete  section,  all 
the  surrounding  conditions  being  equal,  cost  $24.90  per  linear  foot.  Tlie  work 
was  done  by  different  contractors  and  is  in  favor  of  the  brick  circular  sewer  at 
the  rate  of  $7.10  per  linear  foot. 


Sadtler — Notes  on  Lutes  and  Cements.  315 


NOTES  ON  LUTES  AND  CEMENTS. 

SAMUEL   8.    SADTLER. 
Head  June  U,  190U. 

In  a  recent  paper  read  by  me  before  the  Chemical  Section  of  the 
Franklin  Institute  I  treated  in  a  general  way  of  the  subject  of  lutes 
and  gave  some  examples  under  the  following  heads:  (1)  Plaster 
of  Paris;  (2)  hydraulic  cement;  (3)  clay;  (4)  lime;  (5)  asphalt 
and  pitch;  (6)  resin;  (7)  rubber;  (8)  linseed  oil;  (9)  casein 
and  albumen;  (10)  silicate  of  soda  and  chloride  cements;  (11) 
flour  and  starch;    (12)  miscellaneous. 

When  asked  to  read  a  paper  before  this  Club,  I  thought  it  might 
be  of  interest  to  treat  of  certain  kinds  of  lutes  and  cements  most  likely 
to  be  used  by  engineers  and  arranged  according  to  the  intended  appli- 
cation. 

I  have  taken  up  this  subject,  not  because  there  was  little  to  be  found 
in  the  literature,  but  because  what  is  recorded  is  not  ver\'  dependable 
and  is,  in  most  cases,  vouched  for  by  no  one.  It  seems  to  be  copied 
and  abstracted  from  one  source  to  another  until  no  one  would  be 
willing  to  assume  the  authorship.  A  great  many  of  the  formulse 
given  n  encyclopedic  works  show  that  the  authors  were  ignorant  of 
the  nature  of  the  ingredients  they  used.  Many  formulae  are  impossible, 
having  incompatibles  from  a  chemical  standpoint,  a  mistake  that 
young  doctors  sometimes  make  in  their  prescriptions;  then  many 
are  of  foreign  origin  and  the  use  of  grain  alcohol  is  referred  to  as  if 
it  were  as  cheap  as  petroleum-naphtha ;  or  potato-starch  is  used  where 
we  would  use  corn-starch  for  economy.  The  great  bulk  of  them  are 
ver>'  inferior  in  usefulnass  and  a  limiteil  number  are  impracticable. 
It  has  been  my  endeavor  to  pick  out  some  of  the  best. 

With  regard  to  the  literature  on  this  subject,  a  great  deal  of  informa- 
tion may  be  had  in  the  formula  books,  such  as  those  of  Spon,  Wahl 
and  Brannt,  a  long  article  in  Muspratt's  '•  Handworterbuch  der 
Chemie,"  and  similar  places.  The  engineering  hand-books  are  prac- 
tically  barren  of  any  information  on  this  subject. 
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I  have  had  such  repeated  occasion  to  use  luting  and  cementing 
materials  for  various  purposes  in  the  laboratory  and  works  that  I 
thought  some  condensed  information  on  the  subject  might  benefit 
others  if  brought  together. 

They  may  be  classified  as  follows: 

1.  Water-  and  steam-proof.  8.  Marine  glue. 

2.  Oil-proof.  9.  Gaskets. 

3.  Acid-proof.  10.  Machinists'. 

4.  Proof  to  hydrocarbon  gases.       11.  Leather  (belting). 

5.  Chlorine-proof.  12.  Crucible,  iron,  and  stone. 

6.  Elastic.  13.  Core  compounds. 

7.  General  purposes.  14.  Briquetting. 

1.  Water-Proof  Compositions. — Of  use  to  engineers  are  the  asphalt 
fluid  coatings  for  re8er\'oir  walls,  concrete  foundations,  brick,  wood, 
etc. 

Asphalt  only  partly  dissolves  in  petroleum  naphtha,  but  heated 
in  a  steam-jacketed  kettle  and  not  thinned  out  too  much,  a  mixture 
of  the  two  maybe  obtained  in  which  the  part  of  the  asphalt  not  dissolved 
is  held  in  suspension.  Asphalt  is  entirely  soluble  in  benzol  or  toluol, 
which  are  about  the  cheapest  solvents  for  all  the  constituents  of  asphalt. 
Tar  and  pitch  are  sometimes  used  in  this  connection,  but  tar  contains 
water,  light  oils,  and  free  carbon,  and  does  not  wear  as  well  as  go^nl 
refined  asphalt;  and  pitch  contains  free  carbon,  which  Is  sometimes 
objectionable  when  thinned  out  with  a  solvent.  The  asphalt  alone 
is  somewhat  per\4ous  to  water,  and  this  is  improved  by  adding  alx>ut 
one-fourth  its  weight  of  paraffin,  and  made  better  if  in  addition  a 
little  boiled  linseed  oil  is  addcfl  also.  For  thicker  compositions,  where 
body  is  recjuired,  asbestos,  stone  powder,  cement,  etc.,  may  he  a<ide<i 
as  fillers. 

Lutes  of  linseed  oil  thickened  with  clay,  asbestos,  red  or  white  lea<l. 
etc.,  are  water-proof  if  made  thick  enough.  These  are  much  use<l  for 
steam  joints. 

Flaxseed  meal  made  into  a  paste  with  water  is  often  ser\-iceable. 
the  oil  contained  ser\'ing  as  a  binder  as  the  water  evaporates. 

2.  Oil-Proof, — The  most  useful  lute  for  small  leaks,  etc.,  is  the  well- 
known  ''hoktograph  composition,"  as  follows: 

( iood  glue  or  pclatin, 2  part.»». 

( '.lytfrin,    1   part. 

Water,    7  part**. 
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This  is  applied  wann  and  stiffens  quickly  on  cooling.  Another 
very  useful  composition  is  a  stiff  paste  of  molasses  and  flour.  An- 
other preparation  impervious  to  oil  vapors  is  the  "flaxseed  poultice," 
mentioned  in  Sec.  1,  which  is  proof  to  oil  vapors. 

One  of  the  strongest  cements,  and  one  which  is  really  oil-proof, 
water-proof,  acid-proof,  and  proof  to  almost  ever\'thing,  is  a  stiff 
paste  of  glycerin  and  litharge.  These  form  a  chemical  combination 
and  set  in  a  few  minutes.  If  a  little  water  is  added,  it  sets  more 
slowly,  which  is  often  an  advantage.  It  is  mixed  when  required  for 
use.  Plaster  of  Paris  wetted,  by  itself,  or  mixed  with  asbestos,  straw, 
hair,  ete.,  is  useful.  A  solution  of  silicate  of  soda  made  into  a  stiff 
paste  with  carbonate  of  lime,  gets  hard  in  six  to  eight  hours. 

3.  Acid-Proof, — The  asphalt  compositions  already  mentioned, 
compositions  of  melted  sulphur  with  fillers  of  stone  powder,  cement, 
sand,  etc.;  also  the  following,  which  withsta,nds  hydrochloric  acid 
vapors: 

Rosin, 1  part. 

Sulphur, .1      '* 

Fire  clay, 2  parts. 

The  lute  composed  of  boiled  linseed  oil  and  fire-clay  acts  well  with 
most  acid  vapors.  The  composition  of  glycerin  and  litharge  referred 
to  is  useful  in  this  connection,  especially  when  made  up  according 
to  the  formula  of  Geo.  E.  Davis,  viz. : 

Litharge, 80  pounds. 

Red  lead, 8 

"  Flock"  asbestos, 10        *' 

fed  into  a  mixer,  a  little  at  a  time,  with  small  quantities  of  boiled  oil 
(about  six  quarts  of  oil  being  used).  Sockets  joined  in  3-inch  pipes 
carr\'ing  nitric  acid  were  caulked  with  this  and  showed  no  leaks  in 
nine  months. 

A  particularly  useful  cement  for  withstanding  acid  vapors,  being 
also  tough  and  elastic,  is: 

Crude  rubber,  cut  fine, 1   part. 

Linseed  oil,  boiled, 4  parts. 

Fire-clay,   6      ** 

The  rubber  is  dissolved  in  carbon  disulphide  to  the  consistency  of 
molasses  and  then  mixed  with  the  oil.     Other  examples  of  acid-pro 
cements,  taken  from  *'A  Handbook  of  Chemical  Engineering,'' 
(fco.  K.  Davis,  and  vouched  for  by  the  author,  who  has  used  thei 
chemical  engineering  work,  are  as  follows: 
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"  Black  putty,"  made  by  intimately  mixing  equal  portions  of  china- 
clay,  gas-tar,  and  linseed  oil.  The  china-clay  must  be  well  dried  by 
putting  over  a  boiler,  etc.  The  author  says  that  it  is  probable  that 
anthracene  oil  might  be  used  to  advantage  instead  of  gas-tar,  for 
reasons  which  I  stated  in  referring  to  asphalt  lutes.  It  seems  to  me. 
however,  that  soft  pitch  or,  better  still,  a  semi-liquid  asphalt  or  naphtha 
would  be  best. 

Barytes  cement  is  composed  of  pure,  finely  ground  sulphate  of 
barium,  and  is  made  into  a  putty  with  a  solution  of  silicate  of  soda. 
This  sets  ver\'  hard  when  moderately  heated,  and  is  then  proof  again.st 
acids.  Mr.  F.  E.  Dodge  has  tried  this  and  finds  the  gra\4ty  of  the 
silicate  of  soda  should  be  between  1.2  and  1.4,  24°  to  42°  Beaum^. 
If  too  thin,  it  does  not  hold;  and  when  thicker  than  1.4,  it  expands  and 
breaks. 

4.  Hydrocarbon  Gases. — Compositions  of  plaster  and  cement,  the 
former  setting  more  quickly,  are  used.  Also  compositions  of  casein. 
such  as: 

Finely  powdered  casein, 2  parts. 

Fresh  slaked  lime, 50       ** 

Fine  sand, 50       *' 

Water  is  added,  when  used,  to  form  a  thick  mush. 
Various  mixtures  of  silicate  of  soda  are  employed  in  which  the  thick 
silicate  is  absorbed  in  some  inert  material,  as  clay,  sand  or  asbestos. 

5.  Chlorine. — The  best  and  only  reliable  compositions  are  a  few 
made  with  Portland  cement,  and  the  following  is  much  used  for  elec- 
trolytic and  chemical  plants: 

Powdered  glass, 1   part. 

Portland  cement, 1 

Silicate  of  soda, 1 

A  small  amount  of  powdered  slate. 

This  lute  is  said  to  stand  acid  and  alkali,  as  well  as  the  influence?^ 
of  chlorine.  Linseed  oil  made  into  a  paste  with  fire-clay  ser\'es  for  a 
time. 

6.  Elastic  Cements. — The  various  cements  containing  rubber  are 
elastic,  if  it  is  in  predominating  amount;  many  containing  boile<l 
linseed  oil  and  the  hectograph  composition  already  mentioned  are 
quite  elastic.  The  rubber-linseed  oil  cement,  given  under  Sec.  3. 
is  ver\'  tough  and  useful  for  nearly  all  purposes  except  when  oil  vapors 
are  to  be  confined.  The  most  useful  single  rubber  lute  is  prol>ably 
the  so-called  Hart's  india-rubber  cement.     Equal  parts  of  raw  linsee<l 
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oil  and  pure  masticated  rubber  are  digested  together  by  heating 
and  this  mixture  made  into  a  stiff  putty  with  fine  "paper  stock" 
asbestos.  I  have  found  it  more  convenient,  however,  to  dissolve  the 
rubber,  first  in  carbon  disulphide,  and  after  mixing  the  oil  with  it,, 
to  let  the  solvent  evaporate  spontaneously. 

7.  General  Purposes, — One  of  the  most  useful  is  plaster  of  Paris,, 
and  especially  when  mixed  with  asbestos,  straw,  flush  trimmings, 
hair,  broken  stone,  etc.,  used  according  to  temperature,  strain,  and 
other  conditions.  A  putty  of  flour  and  molasses  is  a  good  composi- 
tion to  keep  in  a  works  ready  for  quick  application  when  needed.  It 
serves  almost  any  purpose  at  moderate  temperatures  for  a  time. 
Casein  compositions  have  great  strength. 

White  of  egg  made  into  a  paste  with  slaked  lime  is  strong  and 
efficient,  but  must  be  used  promptly  on  account  of  its  quick  setting 
qualities. 

8.  Marine  Glue. — This  can  be  purchased  almost  as  cheaply  as  made. 
The  rubber  must  first  be  dissolved  in  carbon  disulphide  or  turpentine 
before  mixing  with  the  heated  combination  of  the  other  two  ingre- 
dients.    Its  uses  are  well  known. 

Crude  rubber, 1  part. 

Shellac, 2  parts. 

Pitch, 3       " 

9.  Gasket  Compositions. — Of  course,  almost  any  cementing  substance 
may  be  used  ^ith  rings  of  asbestos,  etc.,  for  gaskets,  but  there  are 
some  that  I  have  used  and  which  I  have  known  others  to  choose 
especially  for  that  purpose. 

With  r^ard  to  asphalt,  tar,  pitch  and  petroleum  residuum,  I  would 
recommend  soft  or  hard  pitch,  as  may  be  desired,  because  there  are 
no  light  oils  or  water  to  go  off  at  low  heats,  and  the  free  carbon  and 
compounds  very  high  in  carbon  are  good  fillers  to  asbestos  gaskets  at 
high  temperatures.  Silicate  of  soda  by  itself  is  much  used,  but  is 
sometimes  advantageously  mixed  with  casein,  fine  sand,  clay,  asbes- 
tos, carbonate  of  lime,  caustic  lime,  magnesia,  oxides  of  heav>'  metals, 
such  as  lead,  zinc,  and  iron,  and  powdered  barytes.  A  few  that  might 
be  selected  are — silicate  of  soda  and  asbestos;  silicate  of  soda,  asbestos 
and  slaked  Ume;  silicate  of  soda  and  fine  sand;  silicate  of  soda  and 
fire-clay. 

10.  Machinists'  Cements. — These  are  the  well-known  red  and  white 
leads.     The  red  lead  is  often  diluted  with  an  equal  bulk  of  silica  or 
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other  inert  substance  so  as  to  make  it  less  powder\\  The  best  way 
that  I  have  found  to  do  this,  however,  is  to  add  rubber  or  gutta>percha 
to  the  oil  as  follows: 

Linseed  oil, 6  parts  by  weijjht. 

Rubber  or  gutta-percha, 1  part     "         ** 

The  rubber  or  gutta-percha  is  dissolved  in  sufficient  carbon  disul- 
phide  to  give  it  the  consistency  of  molasses,  mixed  >\ith  the  oil,  and 
left  exposed  to  the  air  for  about  twenty-four  hours.  The  red  lead  is 
then  mixed  to  a  putty.  Oxide  of  iron  makes  a  less  brittle  cement  than 
red  lead.  Probably  fish  oils  and  red  lead  would  make  good  lutes 
of  the  class  for  joining  pipes,  as  the  fish  oils  are  not  such  strong  dr>-ing 
oils  as  linseed,  and  their  use  might  be  a  case  of  permissible  substitu- 
tion rather  than  adulteration. 

11.  Leather  Cements. — (For  leather  belting.)  This  subject  is  treated 
fully  and  well  in  the  literature,  and  I  only  quote  some  formula?  for 
the  convenience  of  the  readers  of  this  paper.  Those  I  select  seem  to 
be  the  cheapest,  and  from  a  knowledge  of  the  chemistr\'  of  the  subject, 
the  best.  The  following  formulae  are  given  in  the  "Papier  Zeitung/' 
vol.  18,  p.  2618.  "(1)  Equal  parts  of  good  hide  glue  and  Amer- 
ican isinglass,  softened  in  water  for  ten  hours  and  then  boiled  unth 
pure  tannin  until  the  whole  mass  is  sticky.  The  surface  of  the  joint 
should  be  roughened  and  the  cement  applied  hot.  (2)  One  kilo  of 
finely  shredded  gutta-percha  digested  over  a  water-bath  viith  10 
kilos  of  benzol,  until  dissolved,  and  12  kilos  of  linseed  oil  varnish 
stirred  in.  (3)  Seven  and  one-half  kilos  of  finely  shredded  india- 
rubber  are  completely  dissolved  in  10  kilos  of  carbon  disulphide  by 
treating  whilst  hot,  1  kilo  of  shellac  and  1  kilo  of  turpentine  are  added, 
and  the  hot  solution  heated  until  the  two  latter  ingredients  are  also 
dissolved." 

Another  one  noticed  in  the  "Journal  of  the  Society  of  Chemical 
Industry'"  seems  to  be  good: 

Gutta-percha H  ozs. 

Pitch,   1  oz. 

Shellac 1    " 

Sweet  oil, I    " 

These  are  melted  together. 

A  formula  from  Spon's  ''Dictionary'  of  Workshop  Receipts"  is 
about  as  follows:  Fish  glue  is  soaked  in  water  twenty-four  houn^. 
allowed  to  drain  for  a  like  period,  boiled  well  and  a  previously  meltoii 
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mixture  of  2  ounces  of  rosin  and  i  ounce  of  boiled  oil  is  added  to 
even'  2  pounds  of  glue  solution. 

I  have  not  verified  any  of  these  formulae  for  leather  cements. 

12.  So-called  Iron,  Stone ^  and  Crucible  Cements, — These  are  all 
hard,  stone-like  compositions.  The  oxychloride  cements,  consisting 
essentially  of  oxy chlorides  of  magnesium  and  zinc,  are  ver>'  hard  and 
are  much  used  in  engineering  construction. 

Stone  cements:  Two  formula  which  I  gave  in  my  previous  paper,  are : 

Zinc  oxide  or  magnesium  oxide, 2  parts. 

Zinc  or  magnesium  chloride, 1  part. 

Water  to  make  a  paste. 

When  dr\%  these  become  ver\'  hard  and  strong.  Powdered  stone 
is  generally  used  as  a  diluent. 

Iron  cements:  When  iron  in  a  fine  state  of  division,  as  in  fresh  filings 
or  cast-iron  borings  that  have  been  powdered,  is  mixed  with  an  oxi- 
dizing agent,  such  as  manganese  dioxide  or  a  substance  electro-nega- 
tive to  iron,  such  as  sulphur,  in  a  good  conducting  solution  like  salt 
or  salammoniac,  galvanic  action  sets  in  ver>'  rapidly,  and  the  iron 
swells,  by  forming  iron  oxide,  and  cements  the  mass  together.  It 
is  best  diluted  with  Portland  cement.  A  formula  which  I  give  from 
memory  is: 

Iron  filings, 40  parts. 

Manganese  dioxide,  or  flowers  of  sulphur, 10      " 

Salammoniac,    1  part. 

Portland  cement, 20  to  40  parts. 

Water  to  form  a  paste. 

These  cements  are  used  extensively  in  foundries,  etc. 

Crucible  cements:  Mixtures  of  clay  and  borax  in  which  the  clay 
predominates.  Silicate  of  soda  and  powdered  glass  or  sand  are  the 
best  known  compounds  for  cementing  lids  on  crucibles,  etc.  Some- 
times the  "iron  cements''  are  used  for  such  purposes,  or  iron  filings 
and  a  little  manganese  dioxide  are  added  to  the  above  compositions 
for  crucible  cements. 

13  and  14.  Core  Compounds  and  Briquetting. — These  may  be  treated 
together,  as  their  actions  are  closely  analogous.  Some  of  the  substances 
used  for  briquettes  are:  Dextrin,  spoiled  potatoes,  grain  and  starchy 
materials,  molasses,  glucose,  clay,  sand,  loams,  bituminous  coal,  pitch, 
asphalt  and  tar,  Oxychloride  cement  and  Portland  cement. 

Most  of  these  have  also  been  used  as  core  compounds,  those  most 
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advantageously  employed  being  probably  flour,  or  meal  of  some  kind. 
dextrin  and  molasses. 

Briquetting  requires  more  of  a  binder  than  is  necessary  for  cores. 
and  the  evolution  of  gas  is  not  so  important;  in  fact,  some  briquette 
compositions  use  enough  binder  to  supply  carbon  and  reducing  gas^^ 
to  effect  a  reduction  of  the  oxides  of  the  ore. 

There  are  cements  for  various  miscellaneous  purposes,  but  the  most 
important  uses  of  interest  to  engineers  have  been  briefly  treated  in 
this  paper.  A  limited  number,  if  carefully  selected,  would  be  found 
to  answer  all  requirements,  and  it  is  often  desirable  to  have  a  few 
prepared  that  can  be  used  on  short  notice. 

DISCUSSION. 

E.  M.  Nichols. — Could  fish  oil  be  used  in  ordinar>'  steam-fitting:,  in  connec- 
tion with  red  lead  or  linseed  oil? 

Mr.  Sadtler. — Yes;  it  has  recently  occurred  to  me  that  an  oil  with  mikier 
drying  properties  than  linseed  might  be  better.  Com  oil  might  be  good  for 
the  purpose.  Linseed  oil  gets  brittle  and  powdery  with  red  lead,  as  is  noticeahk' 
when  the  pipes  are  taken  apart. 

Mr.  Nichols. — My  experience  with  cements  used  for  steam  fitting  is  that  the 
more  quickly  they  dry,  the  more  i>erfectly  they  fill  up  any  imperfections  that 
exist  in  the  thread  of  the  pipe  or  of  the  fittings,  and  we  do  not  desire  as  elastic 
material.  There  is  also  another  purpose,  as  a  lubricant,  which  will  enable  the 
workman  to  screw  the  pipe  into  the  fitting  much  easier  than  would  be  done  if 
it  was  not  there.  If  the  fittuigs  and  pipe  are  fairly  accurate,  plumbaf^o  and  lin- 
seed oil  will  prove  very  satisfactory',  although  some  engineers  s|>ecify  nothing 
but  red  lead  and  oil. 
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THE  DIESEL  ENGINE  IN  PRACTICE 

JAMES   D.    MACPHERSON. 
RfadJuneU,  190!*. 

This  paper  is  intended  to  convey  a  fair  estimate  of  this  form  of 
internal  combustion  engine,  as  it  now  is,  in  the  hands  of  American 
engineers.  The  theoretical  side  will  be  lightly  touched  on,  as  the 
practical  operation  has  proved  the  accuracy  of  conception  and  cal- 
culation.    The  paper  will  be  divided  into  the  following  sections: 

1.  Cycle  of  operation. 

2.  Types  of  engines:  single,  double,  triple  and  quadruple. 

3.  Cieneral  features  of  design. 

4.  Regulation. 

Cycle  of  Operation. 

The  engine  operates  on  what  is  commonly  known  as  the  Otto  or  four- 
stroke  cycle;  that  is  to  say,  the  cycle  of  operations  in  one  cylinder  is 
completed  in  four  strokes,  as  follows : 

First:  Downward  (or  outward,  if  horizontal)  aspiration  stmke. 
In  this  stroke  the  piston  moves  to  the  outward  or  bottom  end  of  the 
cylinder,  and  at  the  same  time,  either  by  suction  or  mechanically, 
the  air  admission  valve  opens  and  allows  the  c\iinder  to  fill  with  fresh 
air  at  atmospheric  pressure.  The  air  is  somewhat  heated  in  passage 
through  the  valves  and  port,  hence,  when  the  end  of  the  stroke  is 
completed,  it  is  somewhat  below  atmospheric  density  and  a  little 
higher  in  temperature,  but  this  difference  has  little  effect  on  the  re- 
sults obtained. 

Hecond:  Upward  (or  inward)  stroke  compression.  During  this 
stroke,  the  air  is  compressed  to  a  pressure  of  500  pounds  per 
square  inch,  at  which  pressure  it  has  sufficient  temperature  to  ig- 
nite any  form  of  petroleum  (crude  or  refined)  spontaneously.  There 
are  no  valves  open  during  this  stroke,  and  there  is  nothing  in  the  cyl- 
inder but  pure  air. 
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The  volume  of  compression  space  is  all  embodied  in  the  cylinder 
head  and  is  first  found  by  calculation.  A  wooden  pattern  is  then 
made  and  whittled  until  its  weight  agrees  \\ith  the  calculated  vol- 
ume. Then  a  plast^r-of-Paris  core  box  is  made,  and  this  is  used  to 
make  the  cores  for  all  similar  heads. 

Third:  When  the  piston  has  reached  the  top  of  the  compression 
stroke  and  the  crank  is  just  crossing  the  dead  center,  a  vsmall 
needle  valve,  called  the  fuel  valve  (placed  on  side  of  cylinder  at  one 
end  of  the  port,  in  which  the  other  valves  open),  opens,  and  a  mixture 
of  fuel  and  compressed  air  is  blo\vn  into  the  already  red-hot  air  in 
the  cylinder.  The  quantity  of  fuel  is  not  all  blown  in  at  once;  in- 
stead, the  fuel  injection  is  maintained  for  a  period  equal  to  10  per 
cent,  of  the  dowTiward  stroke  of  the  piston.  It  is  possible  to  do  this 
with  the  small  quantity  of  petroleum  necessar}%  by  reason  of  the 
mixture  with  compressed  air,  which  increases  the  volume  an<l  thus 
gives  a  quantity  whose  ejection  can  be  controlled.  The  compresse^l 
air  referred  to  is  compressed  by  an  independent  two-stage  com- 
pressor to  800  pounds  per  square  inch,  and  cooled  before  introduc- 
tion to  the  fuel  valve. 

During  this  period  the  intention  is  to  maintain  the  temperature 
in  the  engine  cyHnder  nearly  constant,  allowing  the  pressure  to  fall 
in  conformity  with  the  laws  of  expansion  at  constant  temperature. 
It  is  apparent  that  this  can  only  be  attained  at  or  near  the  normal 
load  of  the  engine.  With  an  overload,  the  temperature  will  rise  some- 
what, and  with  a  light  load  it  must  fall,  as  the  quantity  of  fuel  in- 
jected is  not  sufficient  to  add  the  heat  lost  in  expansion  of  the  large 
quantity  of  air  in  the  cylinder. 

After  the  needle  valve  closes,  the  hot  gases  expand  until  the  piston 
has  traveled  90  per  cent,  of  its  stroke,  when  the  exhaust  valve  opens, 
to  relieve  the  pressure,  before  commencement  of  the  next  upward 
or  exhaust  stroke.  The  pressure  at  opening  of  the  exhaust  valve 
for  normal  load  is  generally  35  pounds  per  square  inch  and  the  tem- 
perature about  700°  F. 

Fourth:  This  fourth  and  last  stroke  of  the  cycle  takes  place  with 
the  piston  traveling  upward,  the  exhaust  valve  open,  and  the  hot 
gases  rushing  out  through  the  valve  and  port.  When  the  piston 
reaches  the  top  center,  the  exhaust  valve  closes,  the  admission  valve 
begins  to  open,  and  the  whole  series  of  operations  is  repeated. 
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Types  of  Exgixes. 

Single-Crank,  Single-Cylinder. — In  the  natural  order  of  things  a 
single-cylinder  engine  was  first  built  and  its  construction  and  use  is 
continued  for  all  power-driving  purposes  except  electric  lighting, 
where  the  uneven  impulse,  on  the  crank,  affects  the  light,  unless  an  ex- 
tremely heavy  flywheel  is  used. 

Fig.  1  shows  the  crank  effort  on  a  16  by  24  single-cylinder  engine. 
Fig.  2  shows  the  crank  effort,  velocity  curve,  and  displacement  of 
the  crank-pin  on  a  12  by  18  triple-cylinder  engine.  Fig.  3  shows  the 
same  curves  for  16  by  24  six-cylinder  engine. 

With  the  single-cylinder  engine  the  standard  flywheels  fumishe<l 
for  ordinary'  factor\^  work  would  be  used.  With  the  three-cylinder 
engine,  in  Fig.  2,  a  somewhat  heavier  flywheel  was  used  to  drive  60- 
cycle  inductor  machines  on  electric  lighting,  while  \vith  the  six-cylinder 
engine  a  ver\'  heavy  wheel  was  used,  as  the  work  is  that  of  a  suburban 
trolley  line. 

Double-Crank  Engines. — When  a  four-cycle  engine  is  made  of  the 
double-cylinder  type  with  two  cranks,  the  customary  method  is  to 
have  the  cranks  run  together,  or  360  degrees  apart,  causing  the  shaft 
to  receive  an  impulse  ever\'  revolution,  first  one  cylinder  and  then 
the  other  receiving  an  ignition.  This  type  runs  -verv'  well,  but  for 
manufacturing  and  other  reasons,  another  cylinder  is  added,  ami 
the  three-cylinder  engine  is  more  nearly  the  accepted  standard,  while 
with  the  constantly  increasing  demand  for  larger  engines,  the  four- 
cylinder  unit  must  be  reached,  and  at  present,  to  meet  requirements 
for  a  500  h.  p.  unit,  two  three-cylinder  250  h.  p.  engines  are  coupled 
direct  to  300  kw.  alternating  current  generator  between  them. 

Small  engines  have  been  built  to  operate  on  what  is  kno\^*n  as  the 
two-cycle  principle  of  operation,  while  engines  operating  on  the  four- 
cycle principle,  but  double-acting,  are  projected.  These  being  aside 
from  the  direct  issue  of  this  paper  will  not  be  treated  of  at  present. 


Design  and  Construction. 
Fig.  4  is  a  section  through  the  center  of  the  cylinder  of  the  75  h.  p. 
three-cylinder  engine.  As  will  be  seen,  the  piston  is  a  long  trunk 
proportioned  approximately  with  the  length  2^  times  the  diameter. 
This  gives  a  minimum  of  bearing  pressure,  and  wear  is  almost  elimin- 
ated.    There  are  four  cast-iron  rings  fitted  in  grooves  at  the  top  end 
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and  the  top  end  of  piston  is  tapered  at  least  -^  inch  smaller  in  diam- 
eter, so  as  not  to  seize  when  expanded  by  the  high  temperature. 


Fio.  2. 


The  connecting  rods  are  solid  steel  forgings,  the  boxes  also  being  of 
steel,  machined  out  and  hned  with  babbit  at  the  lower  end,  and  with 
a  brass  bushing  at  the  upper  end.  The  main  bearings  are  supported 
on  cast-iron  wedges  and  also  adjustable  sideways. 
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Fig.  5  is  a  section  through  the  center  of  the  valves.  The  vaJve 
marked  "A"  admits  the  air  from  the  atmosphere  to  the  port,  while 
the  valve  marked  "B"  is  the  exhaust  valve  which  allows  the  exhaust 
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to  leave  the  cylinder.  The  valve  "C*'  is  called  the  fuel  valve  and 
contains  the  chamber  where  the  fuel  oil  and  the  compressed  air  from 
the  separate  compressor  meet  before  injection  into  the  main'cylinder. 


Fifl.  4. 
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The  fuel  valve  needle  is  made  of  nickel  steel,  as  ordinary'  steel  is 
eaten  away  by  the  petroleum,  generally  where  the  packing  abrades 
the  surface.     It  was  found  in  practice  that  an  ordinary  steel  needle 

r '      •  " 


Fio.  5. 


would  la.st  only  three  months,  while  no  nickel  steel  needle  has  yet 
born  replaced;  in  fact,  they  have  been  known  to  run  for  six  months 
without  even  recjuiring  repacking. 
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Fig.  6  is  from  a  photograph  of  the  oil  pump  and  governor  mechanism. 

There  are  numerous  examples  where  these  engines  are  o|>erating 
on  variable  load;  one  in  particular  at  Peoria,  III.,  where  the  load  is 
supplied  by  two  elevators,  there  being  only  enough  lighting  current 
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used  to  give  a  load  of  5  amperes.  The  elevators  are  used  intermit- 
tently all  day,  so  that  the  load  is  constantly  varying  from  a  half  kilo- 
watt to  40  and  50,  while  the  voltage  is  kept  within  a  variation  of  4 
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volts,  the  generator  is  over-compounded  and  assists  in  this  result, 
but  even  with  this  load  the  results  are  remarkable. 

Fig.  7  is  a  part  section  of  the  120  h.  p.  engine.  The  general  features 
of  this  engine  are  the  same  as  already  described  in  the  75  h.  p.  All 
crank-shafts  of  these  engines  are  solid  forgings  throughout. 

It  will  be  noticed  that  in  addition  to  the  splash  lubrication  in  the 
crank  case,  there  is  an  oil  chamber  and  an  oil  ring  provided  in  the 
main  bearings.  This  is  a  safeguard  against  the  oil  becoming  too  low 
in  the  crank  case,  where  it  might  be  splashed  sufficiently  to  lubricate 
the  connecting  rod  and  piston,  while  none  would  reach  the  main  bear- 
ings. 

Fig.  8  is  an  indicator  card  taken  from  a  75  h.  p.  three-cylinder  en- 
gine, installed  in  Wm.  Cramp  &  Sons'  brass  foundry,  Philadelphia. 
This  engine  has  been  in  operation  since  January,  1903. 

AT  Wm  C/^AMP&SOMS-P^iLAO£LPHiA. 

M.£J?  a/i^BS  -  7brALA¥^?sf6 
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The  lower  temperature  of  the  Diesel  engine  gives  the  parts  sub- 
jected to  heat  a  much  longer  life  than  in  engines  of  the  explosive  type. 
The  valves  do  not  bum  out,  no  admission  or  exhaust  valve  having 
yet  been  replaced,  nor  have  any  shown  any  bad  effects  from  heat. 

There  is  no  deposit  in  the  cylinder  or  on  the  valves^  and  they  do  not 
need  to  be  withdrawn  for  examination.  The  first  engine  of  the  present 
tj^pe  has  not  had  the  cyHnder-head  removed  since  its  installation, 
two  and  one-half  years  ago.  The  condition  of  the  piston  rings  is 
therefore  unknown,  but  as  the  engine  performs  its  duty,  it  is  to  be 
assumed  that  they  are  all  right. 

We  might  mention  that  the  clearance  between  the  piston  and  cyl- 
inder-head at  the  top  of  the  stroke  is  \  inch,  and  it  is  a  very  good 
proof  that  there  is  no  deposit,  or  some  trouble  would  be  experienced 
by  this  time.  In  the  past  eighteen  months  this  engine  has  required 
adjustment  of  bearings  as  follows:  Crosshead  pin  three  times,  crank 
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pin  three  times,  main  bearings  three  times, — which  goes  to  show 
that  a  well-designed  and  well-built  engine  of  this  type  does  not  need 
any  more  adjustment  than  a  goofl  steam-engine,  and  perhaps  less 
than  the  average. 


Fig.  9. 


Fig.  9  is  a  photograph  of  one  of  the  225  h.  p.  three-cylinder  engines, 
installed  in  the  power  plant  of  the  German  Tyrolean  Alps,  at  the 
WorUrs  Fair,  St.  Louis.  Throe  of  these  engines  have  been  in  con- 
stant sers'ice,  driving  electric  generators,  direct  connected,  since  the 
1st  of  May,  giving  thoroughly  satisfactory-  service. 
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DISCUSSION. 

E.  D.  Meier. — The  main  diflference  between  the  Diesel  and  all  other  internal 
combustion  engines  is  that  the  Diesel  uses  no  "charge/*  as  ordinarily  under- 
stood in  the  gas-engine.  I  use  the  term  "  gas-engine  "  to  cover  all  kinds  of  ex- 
plosive engines,  whether  the  gas  used  is  fixed  or  permanent  gas,  or  whether  it 
is  only  made  into  gas  for  the  moment.  All  other  engines  are  of  the  explosive 
t^'pe,  and  they  have  to  gasify  their  fuel  before  they  explode  it.  They  have  to 
mix  it  with  a  certain  quantity  of  air.  From  one  gas  and  seven  air,  to  one  gas 
and  eleven  air  constitute  the  limits  in  which  explosion  will  take  place,  con- 
sequently in  gas-engine  practice  the  regulation  is  generally  accomplished  by 
omitting  one  or  more  charges.  In  the  Diesel  engine  that  is  not  so.  We  admit 
a  fixed  quantity  of  air  for  every  motor  stroke,  and  control  the  amount  of  fuel 
oil  injected  during  each  such  stroke,  and  thus  regidate  the  work  done  by  the 
engine;  therefore  we  do  not  have  to  wait  for  a  second  or  thinl  stroke,  but  we 
get  our  result  immediately.  The  cycle  of  the  Diesel  engine  is  like  that  of  a  gas- 
engine,  or  what  is  known  as  the  Otto  cycle.  Perhaps  it  should  more  properly 
be  called  the  Beau  de  Rochas  cycle.  The  Diesel  engine  takes  a  complete  stroke 
volim[ie  of  pure  air  into  the  cylinder  on  the  first  stroke;  on  the  second,  which  is 
the  compression  stroke,  it  compresses  this  to  from  thirty  to  forty  atmospheres, 
and  in  doing  this  with  sufficient  rapidity  the  heat  generatetl  is  intense  enough 
and  is  held  long  enough  to  ignite  the  oil  or  any  fuel  that  may  be  injected ;  we 
will  confine  ourselves  to  oil  because  that  is  the  only  fuel  for  which  the  Diesel 
engine  has  been  practically  exploited.  We  have  whfct  is  known  as  an  atomizer, 
which  in  its  simplest  form  is  a  sjmjoI  of  brass  wire  netting  wound  around  a  thimble ; 
the  oil  is  put  into  it  through  a  small  tube  near  the  bottom,  and  the  air  lirought 
into  it  through  another  small  tube  near  the  top,  so  that  the  air  is  on  top  of  the 
oil  The  injection  air  comes  from  a  separate  air  compressor  and  is  at  higlier 
tension — anywhere  from  five  to  ten  atmospheres  higher  than  the  air  in  the  cyl- 
inder; up  to  this  time  there  has  been  no  oil  in  the  cylinder  at  all.  As  the  piston 
reaches  the  top  of  the  stroke  with  the  air  in  the  cylinder  at  highest  com- 
pression, the  fuel  valve  opens  and  the  oil  is  forced  through  the  atomizer  and 
mixed  with  the  injection  air,  so  that  by  the  time  it  reaches  the  nozzle  it  is  in 
the  shape  of  a  fine  spray. 

This  nozzle  is  simply  a  small  eye  in  a  steel  disc,  the  size  dependent  on  the 
size  of  the  engine  as  shown  by  working  experience  and  also  depending  on  the 
nature  of  the  oil.  If  we  build  an  engine  intended  to  run  on  kerosene  or  on  a 
very  light  fuel  oil,  we  can  use  a  smaller  opening.  \\'hen  using  heavy  Texas 
crude  oil  or  water-gas  tar,  we  have  to  have  a  little  larger  opening.  In  going 
through  this  small  opening  it  is  blown  out  exactly  as  you  blow  out  perfume 
from  the  ordinary  atomizer,  only  we  must  have  an  excesM  of  pressure  in  our 
injection  air  over  the  air  in  the  cylinder,  while  you  simply  have  one  atniospliere 
of  pressure  ui  the  chemist's  atomizer.  It  is  blown  in  and  mixed  in  tliis  way 
with  the  air  which  has  just  l)een  compressed  in  the  main  cylinder.  Tlie  fuel 
enters  between  the  two  closed  main  valves,  entering  a  channel  which  runs  into 
the  cylinder-head,  where  it  spreatls  itself  entirely  over  the  top  of  the  piston. 
This  is  done  about  the  moment  the  piston   is  ready  to  recede.     As    the    oil 
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is  injected  it  bums  and  increases  the  tension.  The  tension  which  we  have  to 
create  in  that  injtection  air  is  not  lost,  because  it  also  does  work  in  the  cylinder. 
The  only  loss  we  have  is  the  friction  in  the  air  compressor,  which  is  very 
small  compared  to  the  work  done  in  the  compressing  air,  which  is  utilized  in 
the  main  cylinder.  Of  course,  in  making  our  calculations  of  efficiency  wf 
deduct  the  power  required  to  drive  the  air  compressor  and  divide  the  actual  net 
remaining  horse-power,  which  we  find  in  the  shaft  of  the  engine,  into  the  num- 
ber of  pounds  of  oil  used.  We  have  records  for  long  runs  as  low  as  six  and 
a  quarter  gallons  of  oil  per  hundred  actual  brake  horse-power  hours. 

The  President. — Can  you  operate  two  alternators  in  parallel,  no  matter 
what  the  relative  positions  of  the  two  cranks  are;  or  must  the  alternators  be 
coupled  so  that  the  cranks  of  the  two  engines  are  always  parallel? 

Mr.  Macpherson. — With  the  six-cylinder  engine  the  cranks  are  coupled  » 
that  they  run  in  pairs  120  degrees  apart.  If  two  three-cylinder  units,  runnini; 
separately,  are  to  be  operated  in  parallel,  the  flywheels  would  have  to  be  ven* 
heavy,  but  this  has  not  been  done  by  us  so  far. 

The  President. — I  understand,  then,  that  you  do  not  have  to  look  at  the 
relative  positions  of  the  cranks  of  the  two  engines,  at  the  moment  when  yew 
connect  the  alternators  in  parallel  on  the  switchboard.  The  point  I  am  in- 
quiring about  is  this:  When  the  speed  variation  in  a  single  revolution  is  very 
great,  as  is  the  case  in  some  gas-engines,  it  may  become  necessary  to  see  that 
the  cranks  of  the  two  engines  driving  two  alternators  in  parallel,  are  in  the  same 
releUive  positions  the  moment  when  the  electric  coupling  of  the  two  altematon 
takes  place.     Must  this  precaution  be  taken  with  your  engines? 

Mr.  Macpherson. — The  variation  in  position  of  the  crank  behind  or  ahead 
the  mean  position  on  those  300  kw.  units  will  be  less  than  y^v  ^^  *  degree.  This 
is  practically  a  six-crank  engine  with  a  flywheel  10  feet  in  diameter  and  a  rim 
weight  of  20,000  pounds.  The  generator  is  18  pole,  25  cycle,  and  has  an  allow- 
able variation  ten  times  greater  than  that  which  the  chart  shows. 

With  the  Diesel  engine,  the  compression  in  the  first  place  consists  of  pure 
air  which  is  compressed  to  a  pressure  of  500  pounds  to  the  square  inch  and 
at  the  end  of  that  compression  has  a  temperature  ranging  between  80(f, 
when  the  engine  is  cold,  and  1200®,  when  the  engine  is  hot.  At  the  end  of 
this  compression  stroke  there  is  still  nothing  contained  in  the  cylinder  but  pure 
air  at  this  temperature,  but  on  the  beginning  of  the  next  down-stroke  of 
the  pistoA  a  mixture  of  air  and  petroleum  is  sprayed  into  the  cylinder  for  a 
period  of  10  per  cent,  of  the  stroke.  This  spray  is  a  very  small  one,  as  it  is 
intended  to  bum  only  enough  p>etroleum  to.  main  tain  the  temperature  which 
has  been  already  reached  in  the  previous  stroke  by  compressing  the  air;  there- 
fore at  the  end  of  the  combustion  period,  that  is  to  say,  10  per  cent,  of  the  down- 
ward stroke,  the  temperature  in  the  cylinder  should  not  be  any  greater  than 
it  was  at  the  end  of  the  compression  stroke,  with  the  engine  running  at  its  rated 
capacity.  After  this  combustion  period,  the  hot  gases  expand  adiabatically 
until  the  exhaust  valve  opens,  when  the  hot  gases  are  also  ejected  into  tbe 
atmosphere  and  the  heat  contained  in  that  is  lost;  the  difference  between  tbe 
temperature  of  the  exhaust  from  a  gas-engine  and  the  Diesel,  running  at  their 
rated  loads,  will  be  found  to  be  over  400®. 
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At  rated  loads  the  exhaust  of  the  Diesel  is  generally  about  700°  and  will  not 
exceed  800°,  while  the  gas-engine  reaches  1200°  and  over,  showing  that  the  gas- 
engine  rejects  50  per  cent,  more  heat  in  the  exhaust  than  the  Diesel,  and  as  the 
whole  range  of  temperature  in  the  cylinder  during  the  power  stroke  in  the  gas- 
engine  is  so  much  higher,  there  is  also  a  correspondingly  greater  amount  of  heat 
rejected  in  the  water-jacket. 

As  the  heat  is  the  whole  source  of  power,  it  will  be  seen  that  the  gas-engine 
has  its  relatively  lower  economy,  compared  to  the  Diesel,  by  reason  of  the  fore- 
going greater  losses. 

I  have  used  the  term  "  gas-engine "  in  these  remarks,  but  they  apply  equally 
to  all  forms  of  the  internal  combustion  engine,  which  depend  on  instantaneous 
ignition  of  an  explosive  mixture  precompressed  in  the  same  or  an  adjoining 
cylinder  and  burnt  without  any  attempt  being  made  to  control  the  temperatures^ 
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Business  Meeting,  September  17,  1904. — Vice-President  Horatio  A.  Foster 
in  the  chair.     Seventy  members  and  visitors  present. 
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Dr.  Henry  Leflfmann  presented  a  paper  on  "  George  Washington,  Engineer/' 

The  Tellers  reported  the  election  of  Messrs.  Edw.  Cunningham,  J.  Geo. 
Klemm,  Jr.,  and  Theodore  A.  Leisen  to  active,  and  H.  Albert  Rogers  to  junior 
membership. 
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SOME  CAUSES  OF  FIRE 

WASHINGTON   DEVEREUX. 
Bead  October  1, 190L 

The  subject  before  us  this  evening — ^^Some  Causes  of  Fire'* — is 
one  of  vital  importance  to  people  in  every  walk  of  life  and  yet  but 
little  understood  by  people  at  large. 

Some  recent  large  fires,  however,  have  caused  the  thinking  public 
t-o  consider  their  surroundings  and  the  probability  of  a  conflagration 
in  their  immediate  vicinity ;  also  the  possibility  of  lessening  the  enor- 
mous loss  of  property,  which  during  the  past  ten  years,  reached 
the  sum  of  $1,456,523,768  in  the  United  States.  The  total  loss  in  the 
United  States  during  1902  was  $161,488,355.  The  total  loss  in  the 
state  of  Pennsylvania  during  1902  was  $11,450,646,  while  the  total 
loss  in  the  city  of  Philadelphia  during  the  same  year  was  $2,152,971. 

It  is  not  my  purpose  to  theorize  much,  but  rather  deal  with  the 
subject  from  a  practical  standpoint. 

Among  some  causes  of  fire  in  Pennsylvania  in  1902,  with  the  result- 
ing losses,  might  be  mentioned,  ashes  and  hot  coals,  bonfires,  candles, 
and  children  playing  with  matches,  $74,375;  cigars,  cigarettes,  and 
pipes,  $132,625;  collisions  (rail),  $199,600;  defective  flues  and  heat- 
ing apparatus,  $1,712,300;  electric  wires  and  lights,  $447,795;  ex- 
plosions from  gas,  gasoline,  etc.,  $346,045;  engines  and  boilers,  $44,- 
650;  forest  fires,  $157,950;  friction  in  machinery,  $218,230;  furnaces, 
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$127,705;  gas  jets,  $128,405;  chemicals,  grease,  oil,  paint,  and  varrn^h. 
$42,670;  incendiarism,  $1,790,875;  lamp  and  lantern  accidents,  $180r 
210;  lightning,  $373,630;  matches,  $157,850;  oil  stoves.  $212,086: 
sparks  within  buildings,  $451,690;  sparks  from  locomotives,  $119,- 
885;  spontaneous  combustion,  $574,970;  defective  and  overheat^ 
coal  stoves,  $660,405;  tramps,  $162,665;  unknown  origin,  $.'5,875,260. 

Ashes. — Hot  ashes  cast  into  w^ooden  receptacles,  which  many  times 
are  resting  on  wooden  floors,  have  been  the  origin  of  many  fires.  As  a 
matter  of  fact,  in  some  of  our  largest  mercantile  establishments  some 
years  since  the  practice  was  not  infrequent  to  use  a  packing  box  as 
a  means  of  storing  ashes,  regardless  of  their  condition.  This  practice 
is  fortunately  passing  away  rapidly,  due  to  the  more  modern  rnethal* 
of  heating — hot  water  or  low^  pressure  steam.  The  apparatiLs.  boilers, 
etc.,  are  in  the  care  of  more  careful  attendants  than  formerly;  fur- 
thermore, the  heating  apparatus  is  constructed  along  more  nKxieni 
lines,  with  due  regard  to  the  fire  hazard  and  proper  disposition  oi 
hot  ashes.  When  properly  constructed,  hot  water  and  low  pres^sure 
steam  are  the  safest  methods  of  artificial  heating. 

In  many  institutions  where  each  tenant  supplies  his  own  fuel,  the 
coal  stove  prevails.  In  many  buildings  of  from  three  to  six  floor?, 
containing  from  thirty  to  one  hundred  employees  to  the  floor,  earb 
floor  representing  a  different  class  of  manufacturing  process,  the  dir*- 
position  of  ashes,  hot  or  cold,  is  a  source  of  trouble,  due  to  the  incon- 
venience of  location  and  lack  of  acconmiodation  to  safely  ciispoei^  of 
the  refuse.  The  wooden  receptacle  is  too  frequently  made  to  senv 
the  purpose  without  regard  to  the  hazard  involved. 

In  all  cases  proper  metal  cans  of  readily  portable  size  should  \ie 
used.  The  parts  should  be  riveted  and  well  braced  on  the  side:^  ^ith 
metal  strips,  and  supported  on  metal  holders  which  will  allow  a  frw 
air  space  of  at  least  six  inches  between  the  floor  and  the  can. 

Candles. — Candles  when  lighted  should  be  always  placet!  in  a 
candle  stick  made  of  metal.  Workmen  very  often  will  place  a  lighte<l 
candle  on  woodwork  and  if  occasion  requires  they  will  go  away  with 
no  thought  of  the  lighted  candle  and  its  attending  danger,  many  times 
causing  a  serious  fire.  Some  years  ago  a  large  hotel  in  the  city  of 
Philadelphia  considered  the  advisability  of  introducing  electric  light- 
ing. A  fire  of  a  very  mysterious  origin  occurred.  The  electric  wirin|: 
had  been  installed  in  accordance  with  the  best-known  methods  of  tbr 
day,  but  the  molding  which  incased  the  electric  conductors  caught 
fire.     The  proprietor  had  heard  many  vague  and  mythical  stories  of 
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the  dangers  of  electricity  and  concluded  the  electric  conductors  were 
responsible  for  the  fire,  in  spite. of  the  fact  that  no  current  had  ever 
passed  over  the  wires.  The  problem  was  a  great  one  and  too  much 
for  "  mine  host/'  To  solve  the  mystery  he  summoned  to  his  aid  a  so- 
called  electric  expert.  The  expert  declared  the  wires  had  been  charged 
with  induced  electric  current  from  the  electric  light  mains  in  the  street, 
which  passed  within  fifty  feet  of  the  building.  Mr.  William  McDevitt, 
Chief  Inspector  of  the  Fire  UnderwTiters'  Association,  was  also  con- 
sulted. The  theory  of  electrical  induction  did  not  appeal  to  him  in 
the  least.  In  fact,  he  knew  the  absurdity  of  the  statement.  Mr. 
McDevitt  and  the  proprietor  carefully  went  over  the  ground.  The 
line  of  molding  in  the  cellar,  which  inclosed  the  electrical  conductors, 
was  considerably  burned.  At  various  points  along  the  molding, 
candle  grease  indicated  what  mode  of  illumination  had  been  used 
to  aid  the  workmen  while  installing  the  wiring.  The  Inspector  called 
for  a  small  piece  of  candle,  and  lighting  it  placed  it  upon  the  molding, 
suggesting  to  the  proprietor,  *'novv  w^e  will  go  away  and  forget  the 
lighted  candle,  and  you  will  have  another  fire  due  to  the  electric 
induction.''  The  common  sense  solution  won  the  day  and  the  build- 
ing was  equipped  with  electric  light  throughout. 

Cigars^  Cigarettes^  and  Pipes. — ^The  careless  disposal  of  a  lighted 
cigar  has  caused  many  fires;  as  have  also  cigarettes,  especially  of 
Turkish  or  tobacco  of  a  like  nature.  Once  lighted,  they  continue  to 
bum  until  consumed.  Often  the  smoker  will  place  a  lighted  cigar- 
ette on  a  wooden  table,  mantle,  sideboard,  piano,  chair,  desk,  window 
ledge,  or  any  convenient  place,  with  little  or  no  thought  of  the  danger 
involved  until  a  possible  accident  occurs. 

Smokers'  pipes  have  caused  many  fires;  less  perhaps,  however, 
than  cigars  and  cigarettes.  Workmen  have  sometimes  placed  lighted 
pipes  in  their  coat  pockets  or  overalls  and  placed  their  discarded 
garments  in  the  drawer  of  a  w^ork  bench  or  closet.  Hours  after  the 
establishment  had  closed  a  fire  would  occur,  sometimes  with  most 
conclusive  evidence  as  to  the  origin. 

Most  fires  from  smoking  have  been  due  to  persons  smoking  in  bed 
or  while  reclining  on  a  couch,  falling  asleep,  and  permitting  the  lighted 
tobacco  to  fall  upon  inflammable  material.  Fires  from  this  source 
are  usually  attended  with  loss  of  life  or  phj^sical  disfigurement. 

Cttspidors. — Boxes  made  of  wood  and  filled  with  sawdust  have 
eaused  many  fires.  A  lighted  cigar  or  cigarette  thrown  into  a  box 
filled  with  sawdust  will  often  start  the  saw^dust  to  fire  and  smolder. 
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The  fire  is  not  perceptible  for  some  time,  as  it  is  not  attended  with  a 
flame  at  the  beginning.  Slowly  the  fine  particles  of  sawdust  are 
carbonized  until  the  sawdust  assumes  the  condition  of  a  hot  coaL 
The  course  of  the  fire  is  always  downward,  finally  burning  through 
the  box.  Should  the  cuspidor  rest  on  a  wooden  floor  a  fire  is  most 
likely  to  occur,  especially  if  the  ceiling  below  the  floor  is  lined  or  lathed. 
The  lighter  woodwork  would  readily  fire,  and  fanned  by  the  tlraught 
between  the  joists  would  gain  headway  of  no  small  proportion  before 
discovered.  All  cuspidors  should  be  made  of  metal  and  partially 
filled  with  water. 

Collisions  (Railway). — While  the  railway  companies  use  every  pre- 
caution, collisions  do  occur,  frequently  attended  with  fire.  The  heat- 
ing of  cars  by  steam  and  the  removal  of  the  coal  stove  has  done  much 
to  lessen  the  possibility  of  fire  at  the  time  of  collisions.* 

Defective  Flues  and  Heating  Apparatus. — Flues  into  which  joists 
enter  for  support  of  flooring.  This  is  not  an  uncommon  condition 
in  the  older  buildings.  The  joist  slowly  carbonizes  and  finally  take*^ 
fire.  All  woodwork  should  be  free  from  direct  contact  with  the  flue. 
Loose  bricks  often  permit  a  spark  to  enter  a  crevice  and  ignite  wood- 
work.    Flues  should  be  lined  or  treated  with  cement. 

Coal  Stoves. — Coal  stoves  should  be  mounted  on  substantial  metal 
legs;  sheet  metal  at  least  36  inches  square  should  be  placed  on  the 
floor  to  catch  live  coals  which  may  accidentally  fall  from  stoves. 
The  fire  clay  lining  should  be  intact  and  the  fire  should  not  extend 
above  the  fire  clay  lining.  The  sections  of  stove  pipe  should  telescope 
one  into  the  other  at  least  three  inches.  The  improper  connecting 
of  stove  pipes  has  been  the  cause  of  many  fires,  especially  in  dwell- 
ings. The  stove  pipe  should  be  well  supported  at  the  junction  of 
each  section.  The  stove  should  be  mounted  at  least  six  inches  alx)ve 
the  floor  level. 

Gas  Stoves. — Defective  rubber  hose  attached  to  gas  stoves  has 
frequently  caused  fires.  Wherever  feasible  an  iron  pipe  should  be 
used. 

Small  gas  stoves  mounted  on  tables  and  work  benches,  for  heating 
irons  or  cooking  purposes,  have  caused  many  fires.  When  the  irons 
or  cooking  utensils  are  placed  on  a  lighted  gas  stove  a  great  portion 
of  the  heat  is  forced  downward,  the  table  beneath  is  slowly  carbonized^ 
and  a  fire  is  most  apt  to  follow.  Many  persons  line  the  tables  with 
asbestos  or  tin,  believing  they  have  removed  the  fire  danger.  While 
it  is  true  the  asbestos  will  not  burn,  it  will  transmit  heat  and  set 
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fire  to  the  wood  it  was  intended  to  protect.  The  same  maybe  said  of 
tin.  The  space  directly  under  the  stove  should  be  cut  out  and  be 
replaced  with  a  pan  of  metal  to  catch  accidental  sparks. 

Hot-air  furnaces  should  receive  the  same  care  as  coal  stoves.  All 
pipes  to  be  protected  with  an  air-space  where  passing  through  wood- 
work, and  where  short  pipes  are  in  service,  as  in  cases  of  heating  the 
floor  directly  above  the  furnace,  the  pipe  should  pass  through  a  non- 
combustible  protector,  such  as  slate.  The  pipe  should  be  kept  clear 
of  waste  paper  and  sweepings. 

At  least  two  registers  should  be  so  arranged  that  they  could  not  be 
closed.  The  closing  of  all  registers  and  a  brisk  fire  in  the  hot-air 
furnace  will  often  heat  the  pipes  to  a  dangerous  degree. 

Explosions  of  Benzine  and  Alcohol, — Benzine,'which  is  a  light  prod- 
uct of  petroleum,  should  be  kept  in  metal  cans  and  never  under  any 
circumstance  in  glass  vessels.  The  use  of  benzine  by  persons  ignorant 
of  its  volatile  nature  has  caused  many  serious  fires  and  many  deaths. 
It  is  extensively  used  in  the  cleaning  of  wearing  apparel.  The  vapor 
is  heavier  than  the  surrounding  atmosphere,  and  when  used  in  a  room 
or  building  with  open  flame  lights,  or  where  a  stove  or  furnace  is  in 
operation,  an  explosion  and  fire  are  imminent.  As  a  matter  of  fact, 
an  open  flame  Ls  not  necessarj-  to  ignite  benzine  fumes.  Pactional 
electricity  will  as  readily  ignite  benzine  fumes  as  will  the  spark  from 
a  coil  ignite  hydrogen  gas  or  any  other  inflammable  gas. 

Cleaning  and  dyeing  establishments  use  benzine  in  great  quantities. 
To  avoid  as  much  as  possible  explosions  and  their  attending  dangers, 
the  large  copper  pots  in  which  the  cleansing  process  takes  place  are 
permanently  and  effectively  grounded  or  connected  to  the  earth  by 
heavy  copper  wire,  securely  fastened  to  a  water  pipe  or  plates  of  metal 
buried  in  the  earth.  By  this  means  the  hazard  is  somewhat  reduced, 
but  at  the  best  it  is  great. 

The  rubbing  together  of  two  pieces  of  silk  will  cause  frictional 
sparking  and  when  benzine  vapor  is  present  an  explosion  will  follow 
Many  persons  use  benzine  as  a  moth-proofing  substance.  The  practice 
should  be  discouraged.  The  danger  to  life  and  property  is  too  great. 
In  the  spraying  of  furniture  and  carpets  with  benzine,  a  chance  spark 
from  a  carpet  of  fine  grade  would  ignite  the  fumes  with  most  disas- 
trous results.  There  is  scarcely  a  household,  however,  in  this  city, 
in  which  you  would  not  find  a  bottle  of  benzine  in  size  from  four 
ounces  to  a  full  quart.  The  same  hazard  can  be  encountered  in  the 
use  of  gasoline.     In  the  state  of  Mar\iand  there  is  a  law  prohibiting 
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the  use  of  gasoline,  except  for  power  purposes,  and  in  my  hunilJe 
opinion  is  a  most  excellent  law. 

Explosion  of  Dust, — All  organic  substances  in  a  finely  di^^<le^l 
state  may  become  explosive.  Sugar  dust,  dust  in  textile  mills,  saw- 
dust, the  dust  of  rice,  spice,  niter,  sulphur,  flour,  malt,  and  grain 
mills.  Coal  dust  is  explosive  and  highly  inflammable.  I>iist  in 
tanneries,  fur  factories,  paper  mills.  In  fact,  any  organic  or  vegetable 
dust  is  liable  to  explode  under  favorable  conditions. 

Finely  divided  substances  are  not  only  acted  upon  more  rapitUy 
chemically,  but  also  mechanically,  than  when  in  bulk;  if,  therefore, 
a  substance  is  capable  of  uniting  with  oxygen  when  in  the  onuie  state, 
it  will  unite  with  oxygen  with  greater  avidity  when  in  a  state  of  fine 
subdivision,  when  the  gas  has  a  greater  surface  to  act  upon.  In 
other  words,  a  substance  which  is  combustible  imder  orilinar>'  cir- 
cumstances will  become  more  combustible,  or  be  consumeil  by  com- 
bustion in  much  less  time,  when  finely  divided  than  in  a  crude  state. 

Dust  explosions  are  caused  by  an  organic  substance  becoming  so 
finely  divided  that  it  may  by  a  spark  or  flame  be  instantaneously 
ignited,  causing  the  rapid  formation  of  gases  of  many  hundred  times 
the  volume  of  the  former  dust,  the  tremendous,  suddenly  applied 
pressure  of  which  causes  the  phenomenal  force  of  those  explosions*  k) 
frequently  experienced  in  our  flour  and  malt  mills,  candy  factories, 
etc.  This  pressure  Is  increased  through  the  heat  generated  by  the 
combustion,  which  causes  the  further  expansion  of  the  resulting  gase^. 

The  questions  to  be  determined  for  every  kind  of  dust  are :  at  what 
degree  of  humidity  will  it  cease  to  explode,  how  finely  divided  each 
kind  of  dust  must  be  in  order  to  explode,  and  the  temperature  at  the 
time  of  explosion. 

The  amount  of  moisture  present  in  the  atmosphere,  or  in  the  dust 
itself,  has  an  important  influence  on  the  causes  of  dust  explosiore^. 
and  a  certain  degree  of  humidity  for  each  kind  of  dust  may  Ije  reache<l 
at  which  it  is  impossible  to  ignite  or  explode  the  same.  In  the  more 
modern  mills  suction  pipes  are  installed,  and  when  properly  operateii 
greatly  reduce  the  fire  hazard. 

Gas  and  Air. — ^The  proportion  of  ordinary  coal  gas  retjuisite  to 
render  conmion  air  explosive  is  from  S  to  11  per  cent.,  var>-ing  to 
some  extent  as  it  may  be  more  or  less  confined. 

Several  of  the  elementar\'  bodies,  and  many  of  their  most  impor- 
tant compounds  are,  at  ordinary  temperatures,  gases,  or  may  be 
converted  into  them  by  the  application  of  heat.     There  is  no  di?- 
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tinction  of  kind,  but  one  of  degree,  between  a  gas  and  a  vapor.     Gases 
or  vapors  are  liquids  plus  heat. 

Forest  Fires. — Few  consider  the  possible  devastation  which  a  piece 
of  oily  waste  thrown  or  accidentally  dropped  from  a  railway  engine 
or  car  may  cause;  yet  it  is  not  an  uncommon  occurrence  to  notice 
the  burning  brush,  grass,  and  waste  which  lies  along  steam  railway 
systems  throughout  the  country.  These  fires  many  times  spread 
among  timber  lands  of  great  value.  There  is  only  one  means  of 
extinguishing  them.  The  method  employed  is  identical  with  that 
used  by  plainsmen  in  extinguishing  prairie  fires. 

A  fire  is  started  at  some  distant  point  toward  which  the  original 
fire  is  traveling.  This  affords  a  clearing  and  leaves  little  but  smol- 
dering debris  upon  arrival  of  the  greater  fire,  and  a  possible  check 
to  its  further  destructiveness. 

Friction  in  Machinery. — It  is  from  friction  that  a  very  large  portion 
of  the  fires  taking  place  in  mills  and  manufactories  are  due,  and  this 
is  especially  the  case  throughout  the  whole  of  the  textile  industries 
and  both  in  new  and  in  old  machinery.  New  machinery  is  peculiarly 
liable  to  heat  at  the  bearings  for  some  time  after  erection,  while  in 
old  machinery  the  w^earing  away  of  bearings,  cogs,  etc.,  causes  the 
shafting  and  other  parts  to  joggle  and  sway  irregularly,  many  times 
heating  the  bearings  to  the  melting  point,  which,  dropping  upon 
combustible  materials,  immediately  creates  a  fire. 

Gas  Jets. — One  hundred  and  forty  dweUings  were  among  the  build- 
ings destroyed  in  Pennsylvania  in  1902.  An  unguarded  open  flame  is 
always  a  menace  to  life  and  property.  Swinging  gas  brackets  are  best 
dispensed  with  wherever  possible.  Stops  should  be  provided  to  pre- 
vent the  open  flame  coming  in  contact  with  combustible  material. 
Open  flames  beneath  woodwork,  if  within  three  feet,  should  be  pro- 
tected by  sheet  metal  curved  downward,  allowing  an  air-space  of  at 
east  three  inches.  The  possible  blowing  out  of  a  lava  tip  must  ever  be 
aken  into  consideration.  Accidents  of  this  character  permit  the  flame 
o  shoot  out  quite  a  distance. 

'  The  hazard  of  the  open  gas  flame  could  be  greatly  reduced  by  the 
introduction  of  properly  installed  electric  lighting  systems,  especially 
n  mills,  factories,  theaters,  amusement  halls,  and  hotels,  and  in 
Iwellings  where  feasible.  Many  dwelling  fires  have  been  caused  by 
he  accidental  contact  of  a  gas  flame  with  curtains  or  draperies.  These 
ave  invariably  been  most  disastrous. 
Ignition  of  Chemicals. — There  are  many  chemical  compositions  on 
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the  market  of  a  most  dangerous  character,  which  are  sold  witlKHit 
due  regard  to  the  hazard  involved  or  precaution  to  the  purchaser 
The  amateur  photographer  will  purchase  a  can  of  **  flash  powder" 
without  a  thought  of  its  deadly  properties,  and  the  dealer  will  sell 
without  a  word  of  caution.  Flash  powders  consist  of  pyroxilin 
(guncotton)  and  magnesium  powder,  or  lycopodium  and  other  ex- 
tremely fine  powders,  being  used  in  conjunction  with  guncotton  and 
other  hazardous  materials. 

In  1889  the  attention  of  Messrs.  Wiley  &  Co.,  chemical  manufa^ 
turers  of  this  city,  was  called  to  the  fact  that  the  presence  in  their 
works  of  a  number  of  cans  of  ** flash  powder"  constituted  a  serious 
hazard.  The  firm  decided  to  remove  the  dangerous  material.  The 
work  being  of  an  unusually  risky  character,  Mr.  Joseph  Wiley  gave 
the  removal  his  personal  supervision.  Before  the  task  was  com- 
pleted, however,  a  can  exploded,  instantly  killing  Mr.  Wiley, 
two  of  his  workmen  being  literally  torn  to  pieces.  Several  other 
men  were  seriously  injured  and  panic  reigned  throughout  the 
works.  A  fire  followed  the  explosion,  which  was  subdued  by  the 
fire  department  of  the  city  only  after  great  damage  had  been  done. 

There  are  many  articles  of  a  chemical  composition  in  e very-day 
use  in  our  households,  which  should  be  used  with  greater  care  and 
never  near  an  open  flame.  Cleaning  preparations,  composed  of  ben- 
zine, alcohol,  chloroform,  and  ether,  an  excellent  preparation  for  clean- 
ing gloves,  silks,  etc.,  but  very  hazardous.  Liniments  composed  of 
chloroform,  sulphuric  ether,  alcohol,  oil  of  turpentine,  camphor,  etc.; 
polishing  pastes  and  furniture  polish.  In  fact,  there  is  scarcely  a 
house  in  this  city  that  has  not  on  hand  at  all  times  a  bottle  of  benzine 
or  gasoline.  If  these  articles  are  indispensable,  they  should  be  kept 
in  metal  cans,  which  will  permit  only  a  very  small  portion  to  drop 
from  the  can  when  manipulated  by  means  of  a  spring  ejector,  which 
automatically  closes  when  not  in  operation.  Neglect  of  the  above 
precautions  has  been  the  cause  of  serious  accidents  and  many  deaths 
in  households  throughout  the  land. 

Celluloid  toilet  articles,  which  are  made  by  subjecting  guncotton 
and  camphor  to  hydraulic  pressure.  These  articles  are  ver\'  com- 
bustible. Instances  are  on  record  of  hair  combs  taking  fire  while 
adorning  the  head  of  a  lady,  who  occupied  a  position  before  a  burning 
grate,  or  in  close  proximity  to  an  open  gas  flame.  Celluloid  ignites 
at  a  very  low  temperature — about  290°  to  300°  F. 

Lanterns  and  Oil  Stoves. — Fires  from  this  source  are   invariaWv 
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attended  with  serious  menace  to  life.  The  oil  used  may  be  of  lawful 
flash  test,  which  is  110  to  150.  An  oil  lamp  or  stove  carrying  loose 
oil  is  more  liable  to  explode  when  one-third  filled  than  when  the 
vessel  is  fully  loaded,  or  a  lamp  or  stove  burning  low  is  more  apt  to 
explode  than  when  burning  full.  When  the  vessel  is  well  filled  there 
is  small  chance  of  gas  formation  in  the  tank.  As  the  oil  is  consumed, 
gases  form.  The  nearer  the  flame  is  to  the  base  of  the  burner  the 
greater  will  be  the  amount  of  gas  formed.  The  least  agitation  may 
cause  an  explosion,  and  fire  follows.  Glass  oil  tanks  are  especially 
dangerous.  The  dropping  of  a  lighted  lamp,  breaking  of  the  tank, 
and  spreading  of  burning  oil  have  brought  havoc  and  desolation  into 
many  homes.  The  kicking  over  of  a  lantern  in  the  city  of  Chicago 
caused  a  loss  of  $75,000,000.  In  Philadelphia  within  the  past  ten 
years  there  were  3009  fires  due  to  oil  lamps  and  stoves,  creating  a 
loss  of  $296,999.44.  In  this  city  during  1903  there  were  injured  320 
persons  and  44  deaths,  the  result  of  coal-oil  lamps  and  stoves  explod- 
ing or  otherwise  causing  fires. 

If  in  the  city  of  Philadelphia  there  is  an  average  of  40  deaths  per 
year,  due  to  coal  oil  fires,  it  is  fair  to  presume  there  are  at  least  50 
deaths  in  ever\^  state  and  territory  of  the  United  States  per  year, 
which  would  mean  2550  persons  whose  deaths  were  due  to  coal  oil 
fires. 

Matches. — ^The  careless  disposal  of  a  lighted  match  has  been  the 
direct  cause  of  many  fires.  Lighted  matches  thrown  into  waste 
baskets,  among  shavings,  etc.,  matches  among  rubbish  and  waste 
matter  have  frequently  caused  fires.  This  is  due  to  the  phosphorus  on 
the  match-head,  which  ignites  at  a  very  low  temperature,  110°  to 
130°  F.     Rats  nibbling  matches  have  caused  fires  quite  often. 

Mischievous  Children  Playing  with  Fire. — Many  cases  of  children 
having  been  severely  burned,  some  fatally,  is  a  fact  too  well  known. 
If  a  child  is  in  the  habit  of  playing  with  matches,  there  is  one  remedy 
which  can  be  tried  with  good  effect.  Dip  a  match  in  petroleum  and 
place  the  match  where  you  know  the  child  will  shortly  find  it.  True 
to  his  nature  he  will  strike  the  match;  the  oil  takes  fire  very  quickly; 
inmiediately  the  entire  match  is  in  flames,  the  child  burns  his  fingers, 
and  the  lesson  is  learned.  A  burnt  child  dreads  the  fire  is  an  old 
adage,  but  true.  Such  a  course  at  times  is  necessary,  and  though 
apparently  cruel  it  is  kindness  after  all. 

Steam  Pipes. — ^The  charring  (or  reducing  to  carbon)  of  wood, 
though  by  many  considered  as  of  little  importance,  is  in  realit- 
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very  serious  matter  indeed.  Where  steam  or  hot-air  pipes  pass 
through  woodwork  a  metal  collar  should  surround  the  pipe,  gi>'ing 
full  air  space  of  at  least  half  an  inch — one  inch  is  preferable.  In 
mills,  factories,  stores,  etc.,  the  sweepings  of  the  floor  should  be 
carefully  removed  from  these  points  of  lodgment.  Rats  often  build 
their  nests  in  close  proximity  to  steam  and  hot- water  pipes,  thu>< 
insuring  warmth  during  the  cold  season.  A  few  matches  in  the  nest 
or  pieces  of  oily  waste  and  then  a  fire  is  apt  to  follow. 

DISCUSSION. 

The  President, — In  what  proportion  of  cases  is  the  evidence  of  the  oriicm 
of  the  fire  destroyed?  It  would  seem  from  the  statistics  as  though  the  orifnns  of 
most  fires  were  determined  very  definitely. 

Mr.  Devereux. — No,  I  should  not  say  so,  because  fires  of  unknown 
origin  go  into  millions  of  dollars.  A  fire  must  be  of  considerable  magnitude 
to  altogether  destroy  the  possibility  of  learning  its  origin.  We  had  a  fire> 
ten  or  twelve  years  ago  on  Market  Street — Lippincott  &  Co.'s  wool -house 
was  totally  destroyed.  It  appeared  impossible  to  determine  the  origin  of  the 
fire,  and  yet  we  learned  that  the  joists  trimmed  right  into  an  adjoining  chimney 
and  had  ignited  combustible  material  on  the  other  side  of  the  party  wall.  The 
body  of  the  fire  seemed  to  have  been  there  when  the  firemen  first  reached  the 
building,  but  gained  such  headway ,  after  the  building  was  opened  by  the  firemen, 
that  there  was  a  smoke  explosion  which  shattered  the  building  from  end  to  end 
and  drove  the  men  out.  Before  the  explosion  occurred  they  could  see  t  he  bociy 
of  the  fire  principally  at  the  point  near  the  chinmey.  To  tell  just  how  one 
determines  the  origin  of  fire  would  be  hard.  It  is  a  matter  of  experience — 
circumstances  and  conditions  vary.  As  a  matter -of  fact,  there  are  scarcely 
two  fires  alike  in  their  development. 

The  President. — About  how  often  is  the  real  cause  found  out? 

Mr.  Deverei'x. — I  think  the  percentage  is  at  least  seventy-five. 

Clayton  W.  Pike. — Mr.  Chairman,  I  would  like  to  ask  Mr.  Devereux  a 
question  in  regard  to  electrical  hazards  which  has  occurred  to  me  several  times. 
During  the  past  few  years  we  have  seen  rather  extensive  changes  in  the  metho«i$ 
of  electric  wiring,  due  principally  to  the  use  of  iron  or  steel  conduit  incasing 
the  wires.  Formerly  these  wires  were  carried  through  the  joists  and  partition 
work  of  the  building,  or  as  we  have  them  here — carried  in  wooden  molding. 
Do  the  statistics  of  the  fire  losses  show  any  difference — any  lessening  in  the 
loss  by  electrical  hazard — due  to  this  presumably  very  much  safer  construction? 
This  construction  is  extremely  costly  as  compared  with  the  old  metho<ls — 
about  double.     Are  we  getting  the  benefit  from  it? 

Mr.  Devereux. — The  metal  conduit  has  been  in  sen-ice  a  short  time  only. 
The  incasing  of  electrical  conductors  in  metal  conduits  adds  a  protection  frwn 
a  mechanical  standpoint.  Electrically  it  is  not  as  good  as  insulation  placed  on 
the  wire,  it  can  never  be  equal  to  that  of  dry  air.  Wires  on  porcelain  knobs 
placed  six  inches  apart  in  dry  places  is  a  very  safe  condition. 

Mr.  Pike. — There  is  in  the  statistics  given  no  attempt  to  divide  the  1o>ses 
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from  the  different  classes  of  construction,  and  there  is  no  attempt  to  compare 
the  losses  on  the  percentage  basis  either.  Of  course,  there  is  vastly  more  elec- 
trical construction  now  than  there  was  ten  years  ago.  If  the  loss  now  is  double 
what  it  was  ten  years  ago, — the  aimual  loss, — then  I  should  say  that  the  im- 
proved methods  of  construction  had  paid,  because  there  must  be  much  more 
electrical  construction  in  the  buildings  than  in  those  in  which  fires  took  place. 

Mr.  Devereux. — Those  who  are  acquainted  with  the  methods  of  fifteen 
years  ago  and  who  will  compare  those  methods  with  the  more  modem  con- 
struction used  to-tlay  will  readily  recognize  the  marked  improvement.  Wires 
were  held  in  position  by  means  of  staples  or  wooden  cleats  or  passed  through  holes 
bored  in  wood,  unprotected,  or  even  laid  in  V-shaped  grooves  cut  in  the  joists 
and  directly  under  the  floor  boards,  being  .subjected  to  the  worst  kind  of  mechani- 
cal injury.  The  advancement  of  practice  has  provided  non-inflammable,  non- 
combustible  tubes,  knobs,  switches,  cut-outs,  etc. 

Mr.  Sadtler. — To  show  the  way  in  which  heat  will  strike  through  appar- 
ently suitable  thicknesses  of  insulating  material  without  air  circulation,  I  cite 
the  following  instance :  I  was  doing  .some  work  with  a  so-called  "  Buffalo  Dental 
Furnace"  made  of  quite  thick  refractory  material,  the  bottom  being  at  least 
two  inches  thick.  This  rested  upon  four  layers  of  one-inch  wood  with  layers  of 
asbestos  spread  l)etween  them.  After  having  used  the  furnace  for  an  afternoon 
I  noticed  that  the  bottom  of  the  table  upon  which  it  rested  was  charred,  and 
upon  taking  the  furnace  do\\Ti,  an  examination  showed  that  the  layers  of  wood 
were  completely  carbonized  except  around  the  edges  where  the  air  of  the  room 
kept  them  cool  and  the  wood  of  the  table  directly  beneath  the  furnace  also 
disintegrated. 

Mr.  Devereux. — Furnaces  have  been  located  on  the  second  floor  of  a  build- 
ing and  have  burned  through  and  have  fallen  to  the  cellar,  the  occupants  of 
the  house  not  being  aware  of  the  condition  of  the  floor  until  it  collapsed,  due 
to  the  weakening  of  the  joists.  Heat  is  often  transmitted  through  four  or  five 
courses  of  brick. 

In  conclusion,  the  subject  of  "Fire  Hazard"  is  of  such  great  volume  that 
little  can  be  said  in  the  short  time  allotted.  It  was  the  pur|x)se  of  this  paper  to 
touch  upon  such  points  as  we  are  apt  to  meet  with  in  our  daily  routine.  Is  it 
not  our  plain  duty  to  assist  in  reducing  the  vast  fire  losses  and,  what  is  of  more 
importance,  to  reduce  the  loss  of  life  and  suffering  from  this  cause? 
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SOME  APPLICATIONS  OF  WOODEN  STAVE  PIPE. 


JOHN    BIRKINBINE. 
Read  October  15,  190U. 

Conduits  which  have  been  employed  to  convey  water  and  other 
liquids  embrace  the  ancient  aqueducts,  wood  logs  bored,  the  mwlem 
masonry  aqueducts,  cast-iron  pipe,  \\Tought  iron  or  steel  rivetini  or 
welded  pipe,  either  with  transverse  or  spiral  joints,  wooden  Inired 
pipe  banded  and  coated,  sheet  iron  and  steel  pipe  with  cement  core. 
and  later  wooden  stave  pipe  and  reinforced  concrete  conduits.  Modi- 
fications of  the  above  and  departure  from  the  cylindrical  core  make 
quite  a  number  of  styles  and  forms  of  closed  conduits. 

The  wooden  stave  pipe  is  not  a  new  conception;  in  fact,  its  fomi 
of  constniction  is  (juite  old,  for  ever>'  bucket  used  is  practically  an 
illustration  of  the  general  method  of  assembling  the  part.s.  It  ha> 
served  as  conduits  of  considerable  diameter  for  flumes  or  penstock^, 
feeding  water-wheels,  etc.,  but  most  of  these  were  staves?  of  wood 
secured  by  a  series  of  flat  metal  bands. 

The  wooden  stave  pipe  to  which  attention  is  especially  directeii  \i*as 
developed  by  the  necessities  of  mining  in  western  America.  The 
distances  to  which  metallic  pipe  would  have  to  be  transporteii.  the 
difficult  country  in  which  the  pipe  was  to  be  laid,  and  other  local  con- 
siderations brought  about  the  construction  of  this  form  of  conduit, 
and  while  it  is  not  exfx^cted  to  displace  cast  iron  or  riveted  or  weldeii 
steel  or  iron  pii>e,  it  is  admirably  adapted  for  long  conduits  lai<l  in 
difficult  territory'  or  for  those  which  nmst  be  constructed  at  a  moderate 
expenditure  of  money. 

The  use  of  wooden  stave  pipe,  hi  the  form  which  will  l)e  descrilxni. 
has  gone  beyond  the  exi)erimental  stage,  both  in  the  (juantities  and 
in  the  sizes  of  the  pii)cs  laid  and  in  the  length  of  time  some  of  these 
have  been  hi  use. 

It  has  been  my  privilege  to  be  personally  associated  with  construc- 
tion in  which  wooden  stave  pipe  from  28  inches  to  72  inches  in  iliaine- 
ter  have  been  features,  the  variety  of  territor\'  covered  and  the  local 
topographic  conditions  havhig  given  opportunity  for  the  use  of  this 
form  of  conduit  under  numerous  and  diverse  conditions. 

While  the  data  presented  relates  primarily  to  the  construction  of 
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a  line  of  wooden  stave  pipe  six  and  one-half  miles  in  length,  along  the 
Little  Conemaugh  River,  near  Johnstown,  Pennsylvania,  other  in- 
stallations and  some  difficult  problems  elsewhere  will  be  referred  to. 

The  pipe  along  the  Little  Conemaugh  River  was  laid  to  control  a 
supplementary  supply  pending  the  construction  of  the  permanent 
features  of  a  comprehensive  water-supply  for  the  industries  of  Johns- 
town. It  varies  from  44  inches  to  36  inches  in  diameter,  and  while  for 
most  of  the  six  and  one-half  miles  of  its  length  the  pressure  is  light 
(the  pipe  being  on  regular  gradients  of  1  to  2  in  1000,  closely  ap- 
proximating the  hydraulic  grade),  there  are  inverted  siphons  under 
considerable  pressure.  P'or  the  most  of  the  route  of  the  pipe  there 
is  no  wagon  road  in  the  Conemaugh  Valley,  the  creek  and  the  Penn- 
sylvania Railroad  occupying  the  limited  space  between  the  steep 
hillsides;  however,  roads  make  it  possible  to  reach  the  valley  at 
several  points;  but  for  most  of  the  distance  the  road  used  had  to  be 
built,  and  was  of  a  temporary  character. 

To  handle  cast-iron  pipes  weighing  three  to  four  tons  each  and 
connect  them  in  a  locality,  such  as  that  indicated,  would  have  been 
a  costly  imdertaking.  The  use  of  riveted  steel  pipe  did  not  show  to 
advantage,  when  the  light  head  of  most  of  the  distance  covered  by 
the  conduit,  and  the  acidity  of  the  water  coming  from  coal  mines, 
which  might  be  expected  when  the  flow  of  the  streams  was  below  the 
normal,  were  also  taken  into  consideration.  The  water  conveyed  by 
this  conduit  is  not  for  domestic  purposes  or  for  steam  generation. 

The  total  length  of  the  wooden  stave  conduit  along  the  Conemaugh 
River  is  33,822  feet,  of  which  9209  feet  is  44  inches  in  diameter, 
21,458  feet  is  42  inches  in  diameter,  and  3155  feet  is  36  inches  in  diam- 
eter, the  diameters  and  grades  being  such  as  to  secure  equal  deliveries. 
The  pipe  is  made  up  of  staves  of  fir,  cut  and  milled  in  the  state  of 
Washington.  They  are  from  12  feet  to  30  feet  long,  about  5^  inches, 
or  over,  in  width,  and  1^  to  If  inches  thick. 

In  the  36-inch  pipe  there  are  22  staves,  and  in  the  42-inch,  25  staves. 
The  staves  are  held  in  place  by  i-inch  round  steel  bands  having  a 
tensile  strength  of  not  less  than  60,000  pounds  per  square  inch,  the 
actual  breaking  strain  of  the  ^-inch  bands  showing  12,300  pounds. 
On  one  end  of  the  band  is  a  button-head  1  inch  in  diameter,  a* 
the  other  a  thread  5i  inches  long,  rolled  into  the  upset  end 
head  of  the  band  fits  a  recess  in  a  malleable  iron  shoe,  the  other  j 
of  the  shoe  receiving  the  threaded  end  after  the  band  has  en 
the  assembled  staves.     Each  band  is  *' cinched"  by  means  of  i 
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which  forces  a  nut  against  a  washer,  which  in  turn  rests  against  the 
shoe.  In  this  way  the  bands  are  adjusted  to  the  recjuired  tension 
and  the  pipe  made  tight. 

The  banding  is  spaced  to  suit  the  various  pressures,  the  niaximun. 
spacing  allowed  being  12  inches,  center  to  center.  Where  the  pipe 
is  under  heavy  pressure  the  spacing  is  reduced  until,  at  a  crossing  c^ 
the  Conemaugh  River,  with  a  static  head  of  63  feet,  the  44-inch  pipe 
bands  are  4J  inches  apart,  and  at  a  creek  crossing,  where  the  statir 
head  is  176  feet,  the  36-inch  pipe  bands  are  2 J  inches  apart. 

The  contractor  for  the  Conemaugh  pipe  line,  C.  P.  Allen,  C.  E.. 
of  Denver,  Colorado,  used  the  following  formula  for  spacing  the  banti;^: 

600DPHF  ,        ,,,  ,^,, 

—     4,^ =  number  of  bands  per  100  feet, 

Where  I)  =  diameter  of  pipe  in  inches; 

B  =  breaking  strain  of  band  (60,()00  lbs.  per  sq.  in.): 

F  =  factor  of  safety  (4); 

A  =  area  of  bands  (A   in.  round   =    0.19635  sq.  in  J; 

H  =  head  in  feet; 

P  =  pressure  due  to  one  foot  (0.44  lb.). 

Thus,  for  a  44-inch  pipe,  ^-inch  bands,  and  a  5()-foot    head,  the 

u       cu      1          inn.    .      600    X  44    X  0.44    X  50  X   4 
numberofbandsperlOOfeet  = ^^^^^^  ^  ^^^^^  -         =   19. 

Another  formula  for  the  spachig  of  bands  in  the  assembling  of 
wooden  stave  pipes  is  from  a  paper  by  James  I).  Schuyler  on  the 
water-works  of  Denver,  Colorado,  to  be  found  in  the  "Transactionji  o( 
the  American  Society  of  Civil  Engineers,^'  volume  xxxi. 

1200  D  P 
'^  "  "     2  S 

W^here  N  =  number  of  bands  per  hundred  feet. 
1)  =  diameter  of  the  pipe  in  inches, 
P  =  pressure  in  lbs.  per  sq.  ft., 

S  =  safe  working  strain  in  lbs.  per  sq.  in.  for  bands  when 
threaded  for  use,  determined  by  regular  tests  at  the 
mills  where  they  are  made. 
The  following  values  of  S  give  a  factor  of  safety  of  about  five  in 
each  case,  or  about  one-fourth  of  the  elastic  limit: 

J-inch  bands,  plain S  =  1000  pounds. 

1-inch       **       upset S  =  1200 

i-mch       "       plain S  =  2000 

i-inch       "       upset S  =  2500 

8-inph       **       plain S  =  3000 

1-inch       "       ufx^et S  =  3.500 
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The  staves  are  milled  with  inside  and  outside  surfaces  to  curves 
representing  the  interior  and  exterior  circumferences  of  the  pipe,  and ' 
the  sides  are  cut  ^yith  radial  faces  so  that  when  assembled  they  may 
form  a  complete  circle.  On  one  of  the  side  faces  a  small  bead  is 
formed  by  a  notch  in  the  cutting  tool,  and  this  bead  is  cnished  under 
the  strain  of  ** cinching"  to  form  a  continuous  water-tight  joint.  The 
butt  ends  of  the  staves  are  cut  off  scjuare  and  slotted  to  receive  clips, 


Fig.  1. — Illcstratks  the  Premminary  Constriction  of  a  Wooden  Stave  Pipk, 
Snowing  THE  U  Form  tpon  which  the  Lower  Staves  are  Placed  and  also 
A  Portion  op  the  Circular  Form  which  rs  Employed  to  Sipport  the 
IVper  Staves  in  Position.  It  also  Represents  the  Preliminary  Banding  op 
THE  Formed  Pipe.     This  was  Taken  in  the  Conkmacgh  Pipe  Line. 


which  in  the  pipe  under  discussion  were  made  of  sheet  steel  No.  12 
gage-(^  inch  thick),  H  inches  wide,  and  slightly  longer  than  the 
width  of  the  stave.  These  clips  are  used  in  forming  the  end  or  butt 
joints,  fitting  into  the  slots  in  the  ends  of  the  abutting  staves  and 
projecting  slightly  into  the  adjacent  staves.  In  some  lines  of  wooden 
stave  pipe,  indurated  fiber  or  thin  strips  of  wood  have  been  applied 
for  the  same  purpose. 

In  forming  the  pipe,  cradles  of  steel  tubing,  bent  in  U  form,  are 
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set  in  the  ditch  and  the  lower  staves  are  placed  in  position;  then 
upon  these  lower  staves  are  placed  tubes  bent  to  the  desired  circle?. 
but  with  ends  not  connected,  and  the  form  of  the  pipe  is  thus  obtaine<L 
After  the  staves  are  held  by  sufficient  bands  the  interior  tubing  b 
sprung  together  to  remove  it,  and  subsecjuently  the  necessar\-  bands, 
spaced  to  meet  the  re<iuirements  of  the  pressure,  are  put  in  place :  the 
pipe  leveled  to  position;    the  cradles  removed,  and  the  necessary 


Fig.  2.— Shows  the  Woodkx  Stave  Pipe  under  Constrcction  ;  thk  Workiia!i  f> 
THE  Foreground  Holding  the  Drive-stick  which  Another  Workman  SrRiKr*, 
Forcing  the  Stick  Back  upon  Abutting  Staves,  thus  Making  the  Joist 
WITH  THE  Metal  Clip;  Another  Workman  has  the  Brace  for  Cinchiicg  cp  tbe 
Bands  in  Place;  Another  Workman  is  Operating  the  Brace  for  Cinchijic  ir 
THE  Bands.    This  View  was  Taken  Along  the  Little  Conemaugh  Pipk  Line. 


undertamping  done.  After  this  the  *' cinching"  proceeds  until  the 
pipe  is  satisfactorily  tightened.  Each  band  is  dipped  in  asphaltuni. 
and  after  being  placed  the  bands  and  shoes  are  painted  to  reduce  tbe 
chances  of  rust. 

Numerous  interesting  installations  of  lines  of  wooden  stave  con- 
duits are  in  Colorado,  California,  Oregon,  Washington,  and  in  fact 
in  all  of  the  Rockv  Mountain  and  Pacific  States.     In  some  cases  the 
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pipes  span  streams,  or  canons,  and  are  suspended  to  or  from  the 
canon  walls,  and  traverse  tortuous  and  nearly  inaccessible  routes. 

A  notable  application  of  wooden  stave  pipe  is  in  connection  with 
what  was  designated  as  the  Pikers  Peak  Plant,  on  Beaver  Creek, 
Pueblo,  which  is  now  operated  by  the  Pueblo  and  Suburban  Traction 
and  Heating  Company.  This  plant  consists  of  a  dam,  conduit  line 
made  of  wooden  stave  and  steel  riveted  pipe,  and  a  powder  station 
equipped  with  Pelton  w^ater- wheels.  Five  and  a  half  miles  east  of 
Victor,  on  the  southern  slope  of  Pike's  Peak,  a  steel-faced  rock-filled 
dam,  400  feet  long  and  70  feet  maximum  height,  forms  a  reservoir 
with  a  capacity  of  103,000,000  cubic  feet,  with  a  water  surface  9081 
feet  above  sea-level. 

The  drainage  basin  tributary  to  this  reservoir  covers  61  square  miles. 
The  power  house,  26,000  feet  distant,  has  the  floor  of  its  tail  race 
at  7909  feet  elevation.  The  wooden  stave  pipe  line  is  30  inches  in 
diameter  and  23,200  feet  long,  and  is  formed  of  redwood  staves  1^ 
inches  thick,  secured  by  ^inch  round  steel  bands  and  malleable  iron 
lugs,  the  spacing  between  bands  ranging  from  2 J-inch  to  8-inch  centers. 
The  pipe  line  is  through  an  exceedingly  rough  country,  with  numerous 
curves;  three  of  100  feet  radius  and  one  compound  curve  with  35 
feet  radius.  It  has  two  inverted  siphons  where  the  static  head  is 
215  feet.  The  pipe  passes  through  a  tunnel  1533  feet  in  length,  cut 
through  solid  granite.  Near  the  lower  end  of  the  tunnel  is  a  stand- 
pipe  73  feet  high,  built  of  wooden  staves,  and  for  a  portion  of  the  dis- 
tance the  pipe  is  suspended  from  cables.  The  wooden  stave  pipe  ends 
where  the  static  head  is  120  feet  and  connects  with  a  riveted  steel 
pipe  29  inches  in  diameter  and  29(X)  feet  long,  constructed  of  plates 
from  i  to  I  inch  thick,  laid  upon  grades  var>'ing  from  12^  to  57  per 
:?ent.  This  pipe  passes  through  a  granite  tunnel  335  feet  long  and 
then  on  to  a  bridge  70  feet  high,  both  on  40  per  cent,  grades.  The 
power  plant  units  consist  of  two  steel  Pelton  wheels  on  one  shaft, 
?ach  66  inches  in  diameter,  the  connections  to  the  generators  being 
through  a  7000-poun(l  fly-wheel  7  feet  in  diameter.  These  wheels 
operate  under  a  head  of  1152  feet.  This  interesting  installation  was 
iesigned  and  const nicted  by  R.  M.  Jones,  C.  K.,  of  Denver,  Colorado. 

The  relative  cost  of  the  different  kinds  of  conduits  deper 
location,  character  of  the  countr\'  through  which  they  are  laid,  i 
to  which  the  pipes  are  subjected,  and  the  size  of  the  pipes.     ' 
ditions  must  be  unusually  favorable  for  wooden  stave  pipes  1 
16  inches  in  diameter  to  be  reconuuended. 
2 
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The  following  statements  suggest  the  approximate  icost  of  wooden 
stave  pipe: 

An  18-inch  pipe  at  Astoria,  Oregon,  7^  miles  in  length,  cost  $0.91 
per  foot  in  place,  with  lumber  at  $35.00  per  thousand  and  steel  band^ 
at  $0,048  per  pound.  Mr.  A.  L.  Adams  states  that  the  details  of  cost 
are  as  follows: 

*^ Steel  in  bands,  $0,048  per  pound;  lumber,  feet  B.  M.  in  staves. 
measured  before  milling,  $35.40  per  thousand.     The  cost  to  the  city. 


FlO.     3, — ILLU8TRATBS      FiNAL     CiNCHIXO     ON     A     ClOSKLY    BaNDED    PtPE     SKAR     SeATTlt 

Wash.,  Showing  a  Different  Form  op  CiNCHrNO  ArpARATra. 


including  all  appurtenances,  was  $0,903  per  foot;  and  $0.76  excluding 
such  appurtenances.  The  whole  amount  of  the  contract  was  $36.10<». 
and  the  total  extra  work  cost  $29.35." 

The  distribution  of  the  cost  was  as  follows: 

"Building  and  spacing  bands,  55  per  cent.;  back-cinching,  26  per 
cent.;  repainting  iron  work,  3  per  cent.;  back-filHng  to  a  depth  <>f 
6  inches  over  the  pipe,  S.75  per  cent.;  placing  specials,  3.5  per  cent.; 
placing  air-valve,  0.75  per  cent.;   unclassified  labor,  3  per  cent/* 
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For  the  riveted  steel  pipe  in  the  same  line  he  gives  the  price  per 
foot  paid  by  the  city  as: 


Sw.. 

Gaqe  or  Stkkl. 

Pric*. 

14-inch 

No.  12 

$1.10 

16-inch 

"     12 

$1.18 

16-inch 

"     10 

$1.38 

The  cost  of  manufacturing  the  riveted  steel  pipe  was  about  0.45  of 
a  cent  per  pound  for  labor  only,  including  the  cost  of  the  dipping. 

In  Colorado,  5^  miles  of  28-inch  wooden  stave  pipe,  under  a  head 
starting  at  20  feet  and  ending  at  150  feet,  cost,  exclusive  of  ditching, 
$1.67  per  foot.  The  cost  of  the  6^  miles  of  36-inch  to  44-inch  pipe 
along  the  Little  Conemaugh  River,  exclusive  of  ditching  and  sup- 
ports, approximated  $2.60  per  foot. 

In  1903,  9807  feet  of  42-inch  wooden  stave  pipe  was  constructed  at 
Absecom,  N.  J.,  for  the  Atlantic  City  water-supply.  It  was  laid  on 
its  hydraulic  gradient,  requiring  no  heavy  banding.  The  total  cost 
of  this  Hne  was  $30,230.20,  and  the  contract  price  of  the  pipe  laid  in 
the  ditch  was  $2.25  per  foot. 

The  relative  costs  can  hardly  be  estimated  unless  the  pressure 
under  which  the  pipe  is  to  be  used  is  known.  Where  the  pressure 
is  light,  or  where  the  pressure  averages  light,  there  the  wooden  stave 
pipe  of  large  diameter  shows  a  decided  economy,  because  of  the  small 
number  of  bands.  As  the  pressure  increases,  the  bands  nmst  be 
placed  closer,  and  then  the  cost  more  nearly  approaches  that  of  steel 
riveted  pipe.  In  all  steel  riveted  pipes,  even  where  the  pressure  is 
light,  it  is  necessary  to  use  metal  of  sufficient  thickness  to  make  the 
pipes  rigid  enough  to  prevent  collapse,  and  where  the  ground  is  at 
ill  treacherous,  it  is  also  advisable  to  increase  the  banding  of  the 
A'ooden  stave  pipe  to  give  it  ample  stability. 

In   1898,  Mr.  A.  L.  Adams  made  a  comparative  estimate  of  cost 
>f  the  three  kinds  of  pipe  in  Chicago  and  San  Framns^tio,     The  figuros 
,re    supposed  to  include   only  the   principal  items  of  ftxjxniaej 
lo  profit  to  the  contractor  or  incidentals,  and  are^  lhcn*fore,  jr 
i\    every  case,  below  probable  cost  and  are  intontfed  for  qqi 
nly.     The  figures  made  for  Chicago  are  appended  l«*low, 

In  computing  the  following  tables  wooden  stavr  ihik*  wa 
f)  be  constructed  as  above  described.     Steel  pipt*  wm  mi| 
ouble-riveted  on  the  flat  seams,  and  single-riveteil  on  tbi?  mu 
s  ordinarily  built,  and  coated  with  asphalt.     The  mill  prie 
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steel  was  taken  at  from  $1.60  for  No.  14  plate  to  $1.25  for  thicknesses 
greater  than  No.  8.  The  east-iron  pipe  was  supposed  to  be  propcff- 
tioned,  as  to  thickness,  according  to  the  formula  of  the  Warren  Food- 
dry,  and  the  price  per  ton  assumed  was  $19.00. 


COMPARATIVE  COST  OF  PIPE  AT  CHICAGO,  INCLUDING  LAYING. 


BUT  OMITTING  HAUL 

Wooden  St.we 

Pipe. 

Diameter. 

25-foot 
head. 

50-foot 
head. 

' 

100-foot 
head. 

200-foc; 
hmL 

12  inches. 

.$0.42 

$0.49 

$0.63 

$0-&5 

18       ' 

.   0.69 

0.80 

1.02 

IM 

24       ' 

.   0.79 

0.91 

1.14 

1.61 

30       * 

.   0.96 

1.12 

1.44 

2.06 

36       ' 

.    1.19 

1.40 

1.82 

2.65 

42       ' 

.    1.40 

1.68 

2.23 

3.33 

48       ' 

.   1.55 

1.85 

2.46 

3.57 

54       ' 

.   2.23 

2.62 

3.43 

5.02 

60       ' 

.   2.85 

3.35 

4.37 

6.4*) 

66       ' 

.   3.21 

3.81 

5.00 

73S 

72       ' 

.  3.65 

4.38 

5.83 

8.n 

Riveted  Steel  Pipe. 

Diameter. 

No.  14.     No. 

12.      No.  10.        No.  8. 

No.  6. 

iin. 

A  in. 

1* 

12  inches. 

.$0.32      $0.38       $0.44 

18       ' 

.     ..           0.57         0.65       $0.78 

$0.98 

24       ' 

0.85          1.04 

1.28 

$1.55 

$1.99 

30       ' 

1.27 

1.59 

1.93 

2.46 

$3,tM 

36       ' 

1.55 

1.93 

2.30 

2.92 

35N 

42       ' 

1.61 

2.18 

2.66 

3.37 

4.12 

48       ' 

2.48 

3.03 

3.83 

4.*» 

54       ' 

2.80 

3.41 

4.29 

5.21 

60       ' 

3.79 

4.75 

5.74 

66       ' 

4.35 

5.21 

63 

72       ' 

4.52 

5.66 

as5 

Cast-iron  Pipe. 

Diameter. 

25-foot 
head. 

50-foot 
head. 

100-foot 
head. 

200-f«« 

12  mches. 

$0.73 

$0.77 

$0.84 

$1.01 

18       ' 

.    1.29 

1.35 

1.46 

1.70 

24       * 

.    1.91 

2.00 

2.18 

255 

30       ' 

.   2.67 

2.80 

3.07 

3-61 

36       ' 

.   3.47 

3.67 

4.06 

Ui5 

42       ' 

.   4.42 

4.69 

5.22 

6JS 

48       ' 

.   5.50 

5.84 

6.53 

7.92 

54       ' 

.   6.65 

7.10 

8.00 

9.7S 

60       ' 

.   8.04 

8,63 

9.80 

12-13 

66       ' 

.   9.51 

10.16 

11.55 

1416 

72       ' 

.11.32 

12.00 

13.26 

16fl» 
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Mr.  Adams  considers  that  the  life  of  wooden  stave  pipe  is  much 
in  excess  of  that  of  light  gage  steel,  that  its  carrying  capacity  is 
much  greater  at  the  beginning  and  is  far  more  likely  to  remain  practi- 
cally constant,  and  that  its  transportation  over  rough  roads  is  com- 
paratively easy  and  the  cost  relatively  low. 

His  comparison  of  the  relative  values  of  wooden  stave,  steel  riveted, 
and  cast-iron  pipe  places  wooden  stave  pipe  as  the  cheapest,  steel 
riveted  ranking  next,  and  cast-iron  pipe  as  most  expensive.     As  to 


Fio.  4. — Shows  a  Portion  op  the  Hravily  Bandrt)  Pipe  Laid  to  Connect  with  the 
Power  Station  op  the  Pike's  Peak  Power  Company,  Illistratino  some  op  the 
Bends  and  Specialties  op  Construction. 


the  life  of  the  pipe,  cast-iron  is  given  first  place,  wooden  stave  second, 
steel  riveted  third,  and  as  to  the  capacity,  wooden  stave  has  the  largest, 
followed  by  cast-iron,  and  steel  riveted  the  smallest. 

We  know  that  the  life  of  cast-iron  pipe,  unless  the  pipe  is  subjected 
to  acid  water  or  to  electrolysis,  is  yet  undetermined,  and  if  the  staves 
3f  the  wooden  conduit  are  kept  continually  wet,  its  life  may  also  be 
[considered  as  undetermined,  for  60  miles  of  wooden  stave  pipe,  var>'- 
ing  in  diameter  from  12  inches  to  48  inches,  are  used  in  connection 
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with  the  water-supply  of  Denver,  Colorado,  under  heads  ranging  from 
10  to  210  feet,  some  having  been  in  place  more  than  20  years,  and 
other  similar  instances  could  be  mentioned. 


Fig.  5. — Illustrates  the  Portion  of  the  Wooden  Stave  CoNDriT  of  the  Pikk'» 
Peak  Power  Plant  where  it  Emerges  from  the  Ttnnel  anh  is  Carrikd  i^ 
Si^si'ENsioN.  A  Standpii'E,  also  Wooden  Stave,  is  Shown.  The  Derrick  o% 
THE  Rocks  is  Utilized  to  Handle  Material  from  the  End  of  the  Roadwat 
Down  to  the  Railroad,  which  Extends  to  the  Power  Hoise,  a  Distakcb  of 
3100  Feet,  in  which  Distance  there  is  a  Drop  of  1165  Feet.  The  Cars  i  pos 
the  Railroad  are  Operated  by  Cable. 


The  well-formed  wooden  stave  pipe,  laid  as  a  continuous  tul>e. 
may  also  be  expected  to  present  less  obstruction  to  the  flow  of  water 
than  cast-iron  pipe,  and  certainly  less  than  steel  riveted  with  the 
rivet  heads  projecting. 
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In  a  series  of  tests  carried  on  at  the  Puget  Sound  Navy  Yard  in 
1901,  comparing  Douglas  fir  and  yellow  pine  for  pipe  staves,  Mr. 
Vrdixk  W.  Hibbs,  Naval  Constructor  of  the  United  States  Navy, 
arrived  at  the  following  conclusions: 

*4n  strength  Douglas  fir  is  generally  equal  to  yellow  pine  and 
superior  to  it  in  some  essential  particulars. 

"Douglas  fir  is  decidedly  more  elastic  than  yellow  pine. 

**Douglas  fir  is  far  superior  to  yellow  pine  as  regards  to  toughness. 

**  Yellow  pine  is  superior  to  Douglas  fir  in  wearing  qualities,  espe- 
cially when  moisture  is  present. 

*' Yellow  pine  is  superior  to  Douglas  fir  in  lasting  qualities,  on 
account  of  the  greater  amount  of  pitch  it  contains. 

''Douglas  fir  is  14  per  cent,  lighter  than  yellow  pine. 

''Following  are  the  average  general  characteristics  of  strength  of 
Douglas  fir: 

**For  well-seasoned,  fine-grained,  hard,  clear  stock, 

Tensile  strcnfrth, 13,000  lbs.  per  sq.  in. 

Tensile  strength  across  grain, 350  *'                " 

Tensile  strength  for  bending, 10,000  " 

Klastie  limit  for  l)en(ling, 6,000  "               '* 

Modulas  of  elasticity  for  bending, 1,500,000  " 

Strength  for  compression  across  the  grain  with- 
out destructive  deformation, > 1,200  *'               " 

Modulus  of  elasticity  for  compression  across  the 

grain, 4,000  " 

Crushing  strength  for  compression,  "  end  on  "  to 

grain, 9,000  " 

Modulus  of  ela.sticity  for  **  end  on  "  compression,  70,(M)0  **               '' 

Mo<lulus  of  elasticity  for  torsion, 27,000  "               " 

Shearing  strength  with  the  grain, 15,000  **               " 

Oushing  strength  for  columns  whose  propor- 
tions are  such  as  to  resist  bending, 6,000  "               " 

Weight  |>er  cubic  foot, 35  lbs." 

DISCl'SSION. 
Harrison  Souder. — I  believe  that  wooden  stave  pipe  is  well  adapted  for 
use  in  certain  localities,  where,  as  at  Johnstown,  the  country  is  mountainous 
and  rough  and  where  it  is  a  most  difficult  and  expensive  matter  to  transport 
the  heavj'  cast-iron  or  steel  pipe  through  the  woods  and  across  deep  ravines. 
For  the  locality  mentioned  and  for  the  western  country,  where  the  pipe  is  ex- 
tensively used,  there  is  nothmg  better.  The  staves  can  be  packed  on  mule 
back  and  carried  through  regions  where  the  cost  of  handling  other  kinds  of  pipes 
would  be  prohibitive.     The  bands  are  transjiorted  in  the  same  way  and  the 
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pipe  assembled  in  place  in  the  ditch.  Another  good  feature  about  it  Ls  that, 
with  a  sufficient  length  of  ditch  open,  several  pipe-laying  gangs  can  l)e  worfted 
and  the  various  sections  carried  on  at  the  same  time  and  joined  as  they  meet, 
with  very  little  trouble.  Of  course,  in  laying  other  pif>es  we  can  do  the  same 
thing,  but  with  cast-iron  pipe  it  would  be  difficult  and  rather  expensive,  and 
this  objection  would  apply  even  more  strongly  to  riveted  steel  pipe.  From  my 
own  experience  in  getting  large  sized  cast-iron  pipe  through  the  woods,  a  very 
large  item  of  pii>e-laying  expense  is  transporting  and  distributing  the  pipe 
along  the  luie. 

As  regards  leakage  from  wootlen  pipes  I  have  no  data  convenient  at  this  time. 
It  is  not,  however,  excessive  after  the  pipe  has  been  m  sen-ice  some  time. 

The  pipe  at  Johnstown  is  giving  satisfaction,  though  some  trouble  was  ex- 
perienced in  laying  it.  This  was  largely  due  to  the  fact  that  the  contractor 
left  his  trenches  open  and  pi|>e  uncovered  too  long.  (>n  one  or  two  occasioos 
the  trenches  were  flooded  by  rains  and  the  empty  pipe  lifted  a  foot  or  mote; 
several  land-slides,  too,  caused  much  damage. 

With  a  properly  located  line  and  the  pipe  well  laid,  wood  stave  pipe  is  sati^ 
factory  and  economical. 

John  C.  Tk.utwixe,  Jr. — Mr.  Hawley  tried  to  have  wooden  stave  pipe 
adopted  for  the  pumping  main  across  the  meadows  from  PleasantviUe  to  Atlan- 
tic City,  but  he  was  overruled  and  steel  pipe  was  laid.  Mr.  Soulier  has  referred 
to  the  advantage  of  wootlen  stave  pipe  in  difficult  countries,  such  as  that  near 
Johnstown.  There  would  hartlly  seem  to  be  much  difficulty  in  la>4ng  pipe 
on  the  Atlantic  City  meadows,  I  would  ask  whether  wooden  stave  pipe  would 
have  any  special  advantages  there.  I  suppase  there  must  be  some  advantage 
which  makes  wooden  stave  pipe  preferable  to  cast-iron  pipe. 

J.  L.  W.  BiuKixniXE. — The  advantage  is  that  the  coefficient  of  roi^ance 
of  the  wooden  stave  pipe  is  verj'  low — the  coefficient  of  resistance  of  cast-imn 
and  riveted  steel  pipe  increases  each  year,  while  in  wooden  stave  pij>e  it  decn*aj«*. 
A  sort  of  slime  fonns  and  the  pipe  gets  worn  smooth  by  the  action  of  the  water. 
In  Kutter's  fonnula  the  factor  of  resistance  is  generally  taken  as  0.010  for 
wooden  stave  pi|K»,  while  for  cast-iron  as  0.013.  From  actual  test  I  underhand 
it  has  gone  as  low  as  0.007  for  wootlen  stave  pipe,  and  that  may  be  one  reason 
why  they  should  adopt  it  at  a  point  like  Atlantic  City. 

Mr.  Soi'Deh. — My  impression  is  that  it  Is  a  gravity  pipe  line,  and  under 
the  controlling  features  it  is  probably  a  fact  that  the  friction  is  much  less.  It 
seems  to  me  preferable  to  a  steel  pipe  on  account  of  the  salt  water.  There  is  1«» 
corrosive  action  uixm  it.  The  steel  bands  upon  the  pipe  will,  of  course,  corrode, 
but  they  can  be  renewed  easily  and  can  be  made  of  larger  section,  and,  more- 
over, when  there  is  so  little  pressure  on  the  pipe  as  in  this  ca<<»,  the  bands  cmn 
be  spaced  wide  apart  and  the  amount  of  metal  subject  to  possible  coiTosi\-e 
action  is  small  compared  with  that  in  a  steel  pipe  similarly  placed. 

The  Prfsidext. — This  br'mgs  up  the  question  whether  the  bands  around 
those  pipes  have  to  l>e  made  strong  enough  to  stand  the  original  tension  put 
on  them  by  the  tightening  bolts  plus  the  tension  due  to  the  water  when  the 
pipe  is  in  use. 

Edgar  Mariu  ro. — The  initial  tension  in  the  bands  produces  compression  in 
the  wooden  staves.     The  internal  pressure  of  the  water  tends  to  relieve  this 
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compression,  thereby  causing  an  enlargement  of  diameter  which  will  produce 
additional  tension  in  the  bands.  The  final  stresses  in  the  staves  and  bands 
depend  on  the  relative  elastic  behavior  of  the  two  materials,  and  for  given  data 
these  stresses  may  be  readily  computed. 

Henry  H.  Quimby. — The  enlargement  of  the  pipe  with  its  consequent 
increased  length  of  band  Is  necessarily  attended  with  increased  stress  in  the 
band.  If  the  materials  of  construction  were  all  absolutely  without  elasticity, 
there  would  never  be  any  combination  of  initial  and  load  streases;  but  with 
elastic  material  the  initial  stress  produces  deformation,  and  the  deformed  ma- 
terial— compressed  or  stretched — is  constantly  exerting  force  in  the  effort  to 
resume  its  normal  dimensions.  Whether  the  load  will  increase  the  initial  stress 
or  not  depends  upon  how  it  is  applied — whether  it  acts  directly  or  indirectly 
against  the  elasticity  of  both  the  stressed  parts.  There  are  bridge  details  where 
the  load  stress  is  not  affected  by  the  initial  stress;  for  example,  a  floor-beam 
suspended  in  adjustible  stirrups  in  the  old  style.  In  the  stave  pipe  the  initial 
tension  in  the  band  stretches  the  band  and  compresses  the  staves.  If  all  the 
bursting  force  exerted  by  the  water  pressure  could  be  applied  between  the 
edges  of  the  staves  it  would  act  directly  and  only  against  the  elasticity  of  the 
staves  and  not  increa.se  the  stress  in  the  band ;  but  as  it  is  applied  to  the  sur- 
face of  the  staves,  acting  to  push  them  out  and  increase  the  diameter  of  the  pipe, 
the  result  must  be  a  combination  of  the  springing  elasticity  of  the  staves  and 
the  bursting  force  of  the  water.  As  this  combination  increases  the  stress  in 
the  band,  the  band  lengtliens  until  the  lessening  force  of  elasticity  attending 
the  expansion  of  the  staves  restores  equilibrium.  The  amount  of  increase  in 
stress  and  in  length  of  band  will  depend  upon  the  moduli  of  elasticity  of  the 
two  materials  together  with  the  ratio  between  the  initial  stress  and  the  applied 
load.  Of  course,  if  the  load,  or  pressure,  should  be  enough  greater  than  the 
initial  stress  to  stretch  the  band  beyond  the  elastic  reaction  of  the  .sta^'es,  then 
the  maximum  stress  in  the  band  is  only  the  pressure  load,  not  at  all  increased  or 
affected  by  the  initial  stress;  but  then  the  staves  would  be  separated  and  permit 
water  to  escape.  In  view  of  this  it  is  clearly  necessary  to  adjust  the  bands  to 
an  initial  stress  considerably  greater  than  the  bursting  effort  of  the  water, 
becaase  in  order  to  prevent  leakage  the  staves  mast  be  actually  compressed 
edgewise  even  when  the  pressure  is  against  them ;  therefore  the  band  formula 
which  considers  only  the  amount  of  the  direct  stress  prmluced  by  the  water 
pressure,  ignoring  the  necessarily  superior  initial  stress  and  the  swelling  of  the 
wood  from  moisture,  is  scarcely  complete. 

J.  Kay  Little. — Does  the  thickness  of  the  stave  vary  with  the  diameter 
of  the   pipe? 

Mr.  H.  E.  Birkinbine. — Yes,  but  not  materially.  It  varies  according  to 
the  size  of  the  pipe  and  also  according  to  the  hydrostatic  pressure.  These 
variations  in  thickness,  however,  are  slight ;  thus,  for  a  36-inch  pipe  the  thickness 
of  the  stave  is  IJ  inches,  while  for  42-inch  and  44-inch  pii)e  it  is  1 J  inches — a 
difference  of  only  J  inch.  Although  in  some  cases  the  staves  are  made  thicker 
when  the  hydrauHc  pressure  is  great,  the  strength  of  the  pipe  is  generally  main- 
tained by  increasing  the  number  of  bands  per  foot.  Connections  are  made 
between  different  sizes  or  the  same  sizes  of  pi{)e  in  a  way  similar  to  that  used 
with  cast4ron  pipe;  that  is,  the  wooden  stave  pipe  is  connected  with  cast-iron 
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branches  or  breeches  where  the  large  pipes  are  connected,  and  by  means  of 
cast-iron  bonnets  or  sleeves  where  a  small  pipe  is  connected  with  a  larger  one. 

J.  \V.  Ledoux. — I  understand  that  wooden  pipe  is  not  satisfactory  for 
more  than  200  feet  head.  It  is  always  easy  in  the  mountains  to  pro\-ide  a 
standpipe,  and  in  California  and  other  places  I  have  seen  standpipes  used  quite 
often. 

C.  P.  BiRKiNBiXE. — As  mentioned  in  the  paper,  the  upper  j)ortion  of  the 
Pike's  Peak  line  is  made  of  staves,  until  a  static  head  of  120  feet  L?  reached 
(although  in  some  places  where  there  are  inverted  siphons  the  pipe  is  subjected 
to  a  static  head  of  215  feet),  and  has  on  the  line  a  water-tower  73  feet  high 
made  of  wooden  staves.  The  lower  portion  of  the  Ime  is  of  riveted  steel  pipe 
of  thickness  varying  from  }  to  }  inches.  This  is  necessar\',  as  the  turhinesi 
operate  under  a  head  of  over  1150  feet. 


COMMUNICATED   DISCITSSION. 
THOMAS    C.    MCBRIDE. 

The  Coolganlie  gold  fields  in  West  Australia  are  supplied  with 
water  through  a  30-inch  pipe  line,  about  330  miles  long,  of  the 
Mephan-Ferguson  locking-bar  type. 

This  pipe  consists  of  two  sheet  steel  plates  of  the  length  requireii 
for  a  length 'of  pipe  and  a  width  of  one-half  of  the  circumference. 
The  long  edges  of  these  plates  are  upset  on  a  special  machine,  form- 
ing of  these  edges  half  of  a  dovetail.  The  plates  are  then  l)ent  into 
semicylindrical  form  and  ^'locking  bars''  used  to  form  the  longitudinal 
joint.  These  locking  bars  are  of  approximately  circular  cross  section 
and  supplied  with  two  grooves  on  opposite  sides,  wide  enough  to 
receive  the  upset  edges  of  the  sheets.  After  the  length  of  pipe  has 
been  thus  assembled,  the  grooves  of  the  locking  bars  are  closed  on 
the  edges  of  the  pipe  by  means  of  hydraulic  machiner\',  thus  com- 
pleting the  length  of  pipe.  The  joints  between  lengths  are  made 
with  forged  steel  sleeves  caulked  with  lead.  Each  length  was  about 
28  feet  long,  made  of  plates  \  inch  thick,  and  weighed  about  1 }  tons. 
In  some  sections,  where  extra  pressure  existed,  the  pipes  were  made 
of  yV^^^^  plates.  Sixty  thousand  pipe  lengths  were  required,  antl 
the  total  estimated  weight  of  steel  plate  was  about  76,000  tons.  The 
contract  for  this  piping  was  signed  October  24,  1898,  by  two  Aus- 
tralian firms:  Messrs.  Mephan-Ferguson  and  Messrs.  Hosking  Brothers, 
who  erected  special  w^orks  in  West  Australia  for  completing  the  pipe. 
The  contract  price  for  the  pipes  delivered  at  the  works  in  West  Aus- 
tralia amounted  to  £1,025,000.  p]ach  pipe  was  subjected  to  a  hy- 
draulic test  pressure  of  400  lbs.  and  then  immersed  in  a  bath  of  hot 
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Trinidad  asphalt,  in  which  it  was  kept  until  the  temperature  of  the 
steel  rose  to  that  of  the  bath  itself. 

The  capacity  of  the  line  was  5,600,000  gallons  per  twenty-four 
hours,  and  the  estimated  cost  of  the  plant  was  set  down  at  £2,500,- 
000,  exclusive  of  any  connections  to  towns  en  route. 

There  were  eight  pumping  stations  on  this  line,  the  first  four  de- 
livering against  total  heads,  including  friction,  in  the  neighborhood 
of  450  feet;  the  balance  against  about  225  feet,  including  friction. 

The  first  four  stations. each  had  three  Worthington  triple-expan- 
sion, surface  condensing,  high-duty  pumping  engines,  each  of  half 
the  capacity  of  the  line,  so  that  one  was  in  spare.  The  balance  of 
the  stations  each  had  two  engines,  each  of  which  was  of  the  full  capa- 
city of  the  line ;  and  the  stations  were  so  placed  that  the  horse  power 
of  all  of  the  engines  in  the  plant  was  the  san.e — about  300  I..  H.  P.^ 
— thus  permitting  of  the  same  sized  steam  cylinders  throughout. 


28  Crawford — Parks  and  Parkways, 


V 


PARKS  AND  PARKWAYS. 


ANDREW    WRIGHT    CRAAVTORD. 
Head  November  5,  190L 

The  movement  for  park  systems  did  not  spring  into  being  in  the 
last  decade.  It  was  slowly  gathering  force  during  the  last  half  of 
the  last  century,  when  the  nucleus  of  Fairmount  Park,  for  instance,  was 
secured  by  the  acquisition  of  the  Fairmount  waterworks;  but  the 
early  park  movement  which  culminated  in  the  '*  seventies  ^'  in  securing 
Fairmount  Park  here,  Franklin  Park  in  Boston,  and  Central  Park 
in  New  York,  failed  to  provide  big  parks  for  more  than  one  section 
of  the  city.  The  movement  which  l)egan  in  the  early  "  nineties  '*  of  the 
last  centur>'  for  co-ordinated  systems  of  parks  is  decidedly  different 
in  that  regard.  Springfield,  Illinois,  has  \\ithin  the  last  year  or  two 
appointed  a  commission,  and  that  conmiission  states  in  its  first  re- 
port that  it  has  determined  not  on  one  park  for  one  section  of  the 
city,  but  on  four  parks  at  its  four  corners,  so  to  speak,  with  park 
connecting  links.  It  is  the  object  of  the  present  movement  to  locate 
parks  where  the  people  can  get  at  them.  The  movement,  which  was 
at  first  called  **an  outer  park  movement,''  is  becoming  **a  compre- 
hensive park  movement'';  that  is,  a  movement  which  stands  not  only 
for  the  acquisition  of  large  outlying  reservations,  but  for  the  smaller 
breathing  spots  which  have  been  wisely  called  the  lungs  of  the  city. 

The  year  1893  marks  the  definite  beginning  of  the  present  agita- 
tion. In  that  year  Kansas  City  had  practically  no  parks  and  no 
boulevards.  A  plan  for  a  park  system  was  suggested  and  a  com- 
mission was  appointed.  Since  that  time  a  complete  park  system  has 
been  secured  which  covers  over  2000  acres  of  parks,  which  are  con- 
nected by  ten  and  a  half  miles  of  constructed  boulevards,  or  park- 
ways, and  which  will  be  further  connected  by  nineteen  miles  of  park- 
ways, the  land  for  which  has  been  acquired. 

Kansas  City  has  perhaps  the  most  complete  system  that  has  so 
far  been  acquired,  with  the  exception  of  Boston.  That  Boston  has 
acquired  a  great  park  system  is  becoming  more  and  more  known, 
but  it  seems  to  us  important  to  bring  home  the  fact  that  Boston  is 
only  one  of  a  ver}-  considerable  number  of  American  cities  that  are 
actually  at  work  upon  their  park  systems.    The  example  of  Kansas 
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City  has  had  a  marked  effect  upon  the  cities  near  it,  such  as  Memphis, 
St.  Louis,  and  other  cities  of  the  middle  west. 

The  map  of  Boston  shows  perhaps  with  exceptional  distinctness 
the  meaning  of  the  word  *' system"  as  applied  to  parks.  Instead 
of  separate  parks  scattered  here  and  there  wherever  opportunity 
may  have  offered,  we  find  the  Boston  system  showing  the  result  of 
a  careful  consideration  of  the  topography  of  the  country  within  eleven 
miles  of  the  State  House.  This  has  resulted  in  large  parks,  any  one 
of  which  may  be  reached  by  attractive  streets  with  grass  plots  in 
their  centers  or  at  their  sides.  It  is  the  custom  to  call  these  con- 
nections ^* boulevards,"  but  the  word  ** parkway"  seems  more  ap- 
propriate, as  they  are  really  parked  ways  leading  from  onr  park  to 
another  or  from  the  center  of  a  residential  di, strict  to  an  (jut lying 
park.  The  study  of  the  environs  of  Boston  showed  that  the  five 
distinctive  features  of  the  landscape  were  the  ihrvv  rivens,  Nejxjn^net, 
Mystic,  and  Charles,  and  the  two  highlands — tlic  Mi<ldlcsex  YtAs  and 
the  Blue  Hills.  These  five  distinctive  feature:s  have  been  pre*?enTd 
almost  entirely.  Their  complete  acquisition  for  the  Ijciiefit  of  the 
people  in  general  will  be  secured  by  the  mone}'  \s1iirli  has  been  giveji 
to  the  Commission,  of  which  I  will  speak  later. 

From  the  State  House,  the  Boston  Commojit^  and  Pul>lit?  Gardens 
lead  to  Commonwealth  Avenue,  which  in  turn  lead^  to  the  Charles 
River,  on  both  sides  of  which  park  strips  have  Ijeen  secured  running 
westerly  to  this  point,  eleven  miles  from  the  State  HoiL^e.  A  park- 
way leads  back  by  the  Charles  River  to  the  Harvard  Bridge »  and 
another  parkway  leads  to  this  point,  also  eleven  miles  from  the  State 
House,  in  a  southwesterly  direction,  connecting  tlie  Cliarles  River 
and  the  Blue  Hill  Reservations.  The  latter  reservation  Is  the  largest 
park  in  the  country.  Within  its  confines  not  oidy  could  the  entire 
area  of  Faimiount  Park  be  placed,  but  in  addition,  all  of  the  parks 
and  squares  that  Philadelphia  possesses.  Fairtn<:)iint  Park  is  no  longer 
the  largest  park  in  the  country:  indeed,  in  the  Middle^^ex  Feb 
Reservation  of  Boston  it  has  a  rival,  as  that  ra'^ervation  also  has 
3000  acres.  From  the  Blue  Hills  Reservation  a  fxiikway  leads  easterly 
to  the  water  front  along  the  bay  and  thence  ctmnects  with  the  delta 
of  the  Neponset  River,  along  which,  park  rpser\-ations  have 
secured.  These  southerly  divisions  of  the  systefn  are  fojuteeted  by 
Blue  Hills  Parkw^ay  with  Franklin  Park,  and  the  Arnohl  Arlvom 
The  former  park  is  connected  with  the  Harvard  Uridge  by  the 
Bay  Fens,  a  parkway  which  is  becoming  mure  and  nit  ire 
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Running  northeasterly  from  Franklin  Park  is  Columbia  Road,  a  park- 
way recently  opened,  which  leads  to  the  Strandway  and  the  latter 
to  Marine  Park  and  Fort  Independence,  well  out  in  the  bay. 

You  will  observe  that  the  northern  portion  of  this  system,  as  shown 
on  the  map,  is  likewise  connected  into  a  series  of  parks  and  parkwa\'S, 
ocean  beaches,'  and  river  drives.  A  connection  between  the  northern 
and  southern  portions  of  the  system  has  not  yet  been  made,  but  it 
will  probably  be  constructed  on  this  general  line,  cutting  through 
the  heart  of  Somerville  and  Cambridge  in  much  the  same  way  that 
the  Fairmount  Park  Parkway  will  cut  through  the  built-up  portions 
of  our  own  city.  The  Boston  proposal  is  less  fortunate  than  the 
Fairmount  Park  Parkway  proposal,  because  it  will  not  be  so  much 
of  a  diagonal,  and  therefore  not  so  much  of  a  cut-off.  Running  east- 
wardly  from  the  Harvard  Bridge  along  the  southern  bank  of  the 
Charles  River,  a  river  drive  will  be  constructed  to  connect  with  the 
Charles  Bank  Playground,  which  lies  north  of  the  Capitol.  This  pro- 
posal suggests  our  own  opportunities  along  the  Schuylkill  River  bank, 
upon  which  Mr.  Leslie  W.  Miller  will  address  you.  About  7000  acres 
of  the  parks  surrounding  Boston  are  owned  by  different  municipali- 
ties, and  the  majority  of  them  were  in  existence  when  the  Boston 
Metropolitan  Park  Commission  was  appointed  in  1893.  With  the 
additions  that  the  Metropolitan  Park  Commission  has  acquired  for 
Boston  there  are  now  within  eleven  miles  of  the  State  House  over 
15,000  acres  of  parks  and  15  miles  of  parkways  actually  constructed, 
and  10  miles  more  for  which  the  land  has  been  secured.  This  has 
been  constructed  at  a  cost  of  $11,196,840,  expended  by  this  one 
commission.  Within  11  miles  of  the  City  Hall  of  Philadelphia  there 
are  200,000  more  people  than  within  eleven  miles  of  the  State  House 
at  Boston,  and  yet  for  this  considerably  greater  population  Phila- 
delphia has  so  far  provided  only  4061  acres  of  park  land  and  but 
one-half  mile  of  parkway  actually  constructed. 

The  city  of  Buffalo  offers  a  good  example  of  this  movement. 
Its  system  is  almost  complete.  Buffalo  has  less  than  one-third  of 
Philadelphia's  population,  but  it  has  more  than  twice  as  many  of 
the  small  triangular  grass  plots,  less  than  one  acre  in  extent,  which 
add  so  nuich  to  a  city's  attractiveness.  Philadelphia  has  only  12 
of  them  as  compared  with  Buffalo's  26  and  Washington's  275,  the 
latter  due  to  its  admirable  city  plan.  For  a  city  of  its  size,  Buffalo 
has  an  admirable  plan,  because  the  streets  radiate  from  its  center, 
marked  by  a  small  park,  in  all  directions,  excepting  west,  in  which 
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direction  lies  Lake  Erie.  There  can  be  but  little  doubt  that  the 
essential  beauty  of  a  city  is  dependent  to  a  great  extent,  one  may 
say  fundamentally,  upon  its  city  plan.  This  is  being  recognized 
in  Germany,  where  books  have  been  written  upon  the  subject  and 
where  a  monthly  magazine,  devoted  to  the  discussion  chiefly  of  the 
city  plans  of  outlying  sections  of  German  to^Tis,  has  recently  been 
started. 

The  park  systems  that  have  been  secured  in  American  cities 
have  in  a  measure  tended  to  break  up  the  monotony  of  the  usual 
city  plan,  as  is  well  illustrated  in  Omaha.  While  Omaha,  like  a 
number  of  American  cities,  has  copied  Philadelphia  in  its  very  un- 
fortunate cast-iron  gridiron  plan,  yet  the  park  system  brings  a  cer- 
tain amount  of  attractive  irregularity  into  its  plan,  particularly  in 
the  southern  portion. 

You  will,  of  course,  observe,  from  the  accompanying  maps,  that 
the  idea  of  co-ordinated  park  systems  is  being  carried  out.  Green 
color  uniformly  indicates  existing  park  systems,  a/id  brown,  pro- 
posed. The  map  of  New  York  shows  that,  while  the  southern  end 
of  Manhatten  Island,  which  we  know  sq  well,  can  boast  of  but  few 
parks,  the  northern  portion  of  the  city — namely,  the  Borough  of 
Bronx — has  secured  a  connected  system.  Riverside  Drive  is  being 
pushed  northward  to  connect  with  Fort  Washington  Park,  and  it 
is  likely  that  in  1909  the  latter  will  be  connected  by  a  memorial 
bridge  to  Heinrich  Hudson,  across  the  Spuyten  Duyvil  Creek,  with 
a  wooded  promontor}'^  at  the  extreme  northern  end  of  the  city.  The 
Cortlandt  and  Bronx  Parks  are  connected  with  each  other  by  the 
Mosholu  Parkway,  which  is  400  feet  wide  throughout  its  one  mile 
of  length,  and  the  latter  with  Pelham  Park  by  a  parkway  two  miles  in 
length  and  400  feet  in  width. 

Brooklyn  has  a  system,  not  a  ver>'  good  one,  but  one  w-hich  is 
connected  to  some  extent  with  its  central  axis,  Prospect  Park. 

Staten  Island  rejoices  in  only  two  acres  of  parkland,  but  the 
Staten  Island  Chamber  of  Commerce  has  awakened  to  its  opportuni- 
ties, and  a  report  has  recently  been  issued  which  urges  the  acquisi- 
tion of  one-tenth  of  the  acreage  of  the  island  for  park  purposes. 
This  area  of  about  4000  acres  will  be  distributed  in  a  considerable 
number  of  large  and  small  parks  connected  by  parkways.  In  ad- 
dition, the  New  York  business  men  who  live  in  Essex  and  Hudson 
Counties,  N.  J.,  have  begun  movements  for  park  systems  and  the 
Essex  County  system  has  grown  from  26  acres  ten  years  ago  to 
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3500  acres  and  3  miles  of  parkways,  the  beginning  of  an  extensive 
system  of  connecting  links.  The  Hudson  County  Park  Commission 
has  been  appointed  in  the  last  six  months,  and  I  have  received  a 
number  of  requests  from  them  for  information  for  their  first  report, 
which  will  soon  be  out. 

The  city  of  Providence  has  secured  the  passage  of  an  act  of  the 
Legislature  and  its  approval  by  the  Governor,  which  directs  the 
appointment  of  a  commission  to  consider  the  park  possibilities  of 
Providence  and  the  neighboring  cities  and  towns,  the  commission 
to  report  in  January,  1905. 

Harrisburg  is  not  to  be  outdone  in  this  matter,  and  is  definitely 
at  work  securing  a  complete  park  system,  which  was  recommended 
by  Mr.  Warren  H.  Manning  in  a  report  two  years  ago.  Public- 
spirited  citizens  have  within  the  last  two  or  three  weeks  taken  the 
Mayor  and  the  Councilmen  to  Boston,  where  the  park  system  was 
investigated  at  considerable  length.  Much  enthusiasm  was  created 
by  the  trip. 

The  Municipal  Art  Society  of  Baltimore  has  recently  published 
an  exceedingly  valuable  report  by  the  Olmsted  Brothers  upon  park 
development  for  that  city.  While  the  fire  will  doubtless  cause  the 
postponement  of  the  carrying  out  of  the  project  in  the  immediate 
future,  such  postponement  is  not  likely  to  be  for  more  than  two 
or  three  years.  The  proposals  of  the  Olmsted  Brothers  will  give 
Baltimore  an  addition  of  24  small  parks  covering  over  200  acres, 
great  outl>'ing  reservations  each  several  thousand  acres  in  extent, 
one-half  of  which  approximately  will  be  water  surface,  and  56  miles 
of  parkway  connecting  links. 

The  city  of  Minneapolis  has  secured  a  fairly  complete  system, 
and  has  made  admirable  use  of  its  water  front  opportunities,  whether 
they  be  the  Mississippi  River  banks  or  the  shores  of  the  lakes  that 
lie  inland. 

St.  Paul  has  been  at  work  on  a  park  scheme,  and  its 
Park  Commission  has  approved  a  plan  for  three  parkways  that 
will  lead  from  three  different  directions  to  the  new  State  Capitol. 
These  three  parkways  will  cut  existing  buildings  in  much  the  same 
way  that  the  Fairmount  Park  Parkway  does.  While  we  in  Phila- 
delphia think  we  are  doing  a  good  deal  in  having  furnished  $2,000,- 
000  to  begin  the  Fairmount  Park  Parkway,  St.  Paul  has  quietly 
planned  for  three  such  parkways. 

The  map  of  Cleveland  shows  that  it  has  secured  about  one-fourth 
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of  the  surrounding  parkway,  which  will  ultimately  connect  these 
parks  in  the  manner  shown  upon  the  map.  In  addition  it  has 
actually  begun  the  carrying  out  of  a  group  plan.  This  plan  contem- 
plates the  creation  of  a  mall  with  a  United  States  Post  Office,  now 
in  course  of  erection,  upon  one  end,  and  next  to  it  a  public  library, 
and  at  the  lake  end  a  monumental  Union  Station.  At  the  right 
a.nd  left  as  one  looks  from  the  station,  a  Court  House  and  a  City 
Hall  are  proposed,  the  latter  fronting  on  an  esplanade,  the  ground 
of  which  is  already  owned  by  the  city,  will  be  at  right  angles  to  the 
mall.  This  entire  scheme  is  being  carried  out.  I  have  a  recent 
letter  from  one  of  the  Commission  as  follows: 

''Matters  are  progressing  well  in  Cleveland.  The  present  condi- 
tion is  this:  The'sites  for  the  City  Hall  and  the  County  Court  House 
— that  is  to  say,  the  two  buildings  facing  the  lake — are  purchased. 
Architects  have  been  selected  for  these  two  buildings,  and  the  plans 
are  progressing.  The  Post  Office  is  well  under  way,  and  several 
parcels  of  ground  in  the  mall  have  already  been  bought  by  the  city 
and  new  ground  is  constantly  being  acquired.  The  Chamber  of 
Commerce,  at  a  meeting  held  September  27,  1904,  enthusiastically 
approved  the  entire  scheme,  and  I  think  I  may  say  that  the  progress 
is  most  gratifying.'' 

This  plan  it  is  estimated  will  cost  about  $15,000,000.  Cleveland 
has  about  one-third  of  Philadelphia's  population.  If,  then,  Phila- 
delphia proposes  to  spend  as  much  per  capita  upon  its  central  im- 
provement, the  Fairmount  Park  Parkway,  as  Cleveland  is  now  doing 
upon  its  central  improvement,  Philadelphia  will  spend  $45,000,000. 

I  may  say,  in  this  connection,  that  San  Francisco,  with  less  than 
one-third  of  our  population,  has  recently  voted  $18,000,000  for  im- 
provements of  various  kinds,  $4,000,000  of  which  look  to  the  '*City 
Beautiful,"  by  the  construction  of  parks  and  parkway  connecting 
links,  and  public  buildings.  If  Philadelphia  had  created  as  great 
a  loan,  instead  of  our  recent  $16,000,000  loan,  we  would  have  voted 
$61,000,000  for  this  purpose. 

St.  Louis,  encouraged  by  the  example  of  Cleveland,  has  recently 
received  the  report  of  the  Kingshighway  Commission  upon  a  plan 
for  connecting  a  number  of  existing  parks  by  the  Kingshighway; 
and  also  a  report  of  another  commission  on  a  group  plan.  These 
two  plans  will  cost  in  the  neighborhood  of  $6,000,000. 

Hartford,  Connecticut,  has  largely  acquired  the  parks  of  a  com- 
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plete  park  system  and  has  likewise  just  begun  the  creation  of  a  civic 
center. 

The  greatest  of  these  park  and  parkway  plans  is  for  the  Federal 
capital.  The  Senate  Commission,  appointed  in  1901,  presented  a  plan 
for  the  development  of  a  mall.  Since  that  time,  I  am  glad  to  say,  no 
less  than  nine  buildings  have  been  authorized  in  accordance  with 
the  plan  referred  to;  they  are  the  House  of  Representatives  Build- 
ing, the  Senate  Building,  the  Agricultural  Department  Building,  the 
National  Museum,  the  Hall  of  Records,  the  Municipal  Building,  the 
Union  Station,  the  Washington  University  Building,  and  the  build- 
ing of  the  Daughters  of  the  Revolution.  In  addition,  the  Commis- 
sion, which  is  composed  of  the  most  eminent  architects,  sculptors, 
and  landscape  architects  in  the  country,  have  proposed  this  outer 
park  plan,  which  will  give  Washington  8000  acres  of  parks  and  63 
miles  of  parkway  connecting  links.*  You  will  observe  that  the  Rock 
Creek  Park  at  one  corner  will  be  connected  with  the  Anacostia*  River 
Park,  and  that,  in  addition  to  the  parkways  that  lie  nearer  the  city, 
there  will  be  this  outer  link,  which  will  connect  the  14  forts  that  were 
built  during  the  Civil  War  for  the  protection  of  Washington. 

I  have  by  no  means  exhausted  the  list  of  American  cities  that 
are  acquiring  park  systems,  nor  wull  I  when  I  have  mentioned  such 
cities  as  Seattle,  Toledo,  Louisville  (Kentucky),  Indianapolis,  Spring- 
field (Illinois),  and  Springfield  (Massachusetts).  The  idea  is  being 
adopted  throughout  the  countr\'. 

In  order  to  raise  Philadelphia  from  her  lowly  position  to  one  of 
eminence,  we  have  formed  the  alliance  of  41  organizations  for  the 
acquisition  of  a  comprehensive  park  system  for  Philadelphia,  and 
now  appeal  to  a  club  composed  of  engineers  to  make  it  42.  While 
the  work  of  the  Allied  Organizations  must  be  largely  of  the  character 
of  agitation,  yet  the  carrying  out  of  its  recommendations  will  re- 
quire a  technical  consideration,  and  therefore  the  reconmiendation 
of  the  Alliance  should  be  technical  in  character.  It  seems,  there- 
fore, that  no  body  of  men  can  give  more  valuable  assistance  in  this 
movement  for  Philadelphia  than  the  p]ngineers'  Club. 


*  Note. — The  dark  green  on  this  map  indicates  grounds  that  are  oi>en  to  the 
use  of  the  public,  although  not  officially  denominated  *'  parks." 


36  Miller — Improvement  of  the  Schuylkill  Water  Front. 


THE  IMPROVEMENT  OF  THE  SCHUYLKILL  WATER  FRONT. 

LESLIE    W.    MILLER. 

The  speaker  who  has  preceded  me  has  called  your  attention 
to  the  things  that  the  other  cities  are  doing  in  the  way  of  outer 
parks  and  to  the  possibilities,  more  or  less  inviting  and  ready  at 
our  command,  around  our  own  home.  The  task  has  been  assigned 
to  me  of  speaking  for  that  phase  of  nearly  every  city's  topography, 
that  feature  of  nearly  ever>'  great  city  in  the  world,  which  presents. 
if  properly  accepted,  a  natural  parkway,  a  natural  beauty,  which 
if  not  accepted,  but  neglected,  allowed  to  give  way  as  things  do 
give  way  in  a  great  city,  if  they  are  not  taken  care  of,  becomes  the 
opposite  of  all  that  is  beautiful,  all  that  is  attractive,  all  that  is 
pleasing  in  the  outward  expression  of  that  city's  life.  It  is  the  water 
front.  I  maintain  that  there  is  no  surer,  safer  sign  of  a  city's  health 
or  rightness  of  thinking  or  living  than  its  treatment  of  its  water 
front.  I  believe  as  heartily  as  any  of  the  gentlemen  have  or  can 
believe,  in  the  new  parkway,  in  the  system  of  parkways  through 
the  city's  built-up  portions  and  around  the  beautiful  valleys  which 
surround  the  city;  but  I  insist  that  it  is  our  duty  to  remember  al- 
most first  the  actual  parkway,  the  potential  parkway  which  we  have 
at  our  doors,  which  to  take  care  of  would  mean  beauty,  and  strength, 
and  health  for  everything  concerned  with  municipal  life,  and  to 
neglect  means  the  opposite  of  all  that.  Instead  of  being  through 
the  middle  of  the  city  something  very  much  like  a  slum,  our  Schuyl- 
kill ought  to  be  the  most  charming  spot  we  have.  It  is  a  business 
of  every  such  organization  as  this,  which  stands  for  anything  in  the 
way  of  united  effort  for  the  promotion  of  good  work  in  our  midst; 
what  else  do  we  form  for  but  to  help,  to  come  together  and  help? 
I  certainly  think  it  is  the  duty  of  every  organization  to  help  to  pro- 
mote the  public  sentiment  which  has  already  been  alluded  to  as  the 
natural  force  we  have  to  bring  better  things  about.  Now,  I  am  not 
going  to  deprive  Philadelphia  of  anything.  I  am  a  proud  Phila- 
delphian.  I  believe  in  my  city  and  I  am  proud  of  it,  and  I  don't 
want  to  make  any  invidious  comparisons  or  parade  the  European 
example  in  disparagement  of  our  own  country;  nothing  of  the  kind. 
I  simply  want  to  call  attention  to  what  we  ought  to  do  with  our 
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great  waterway,  and  to  show  what  every  other  city  in  the  world 
that  has  progressed  a  little  further  than  we  have  has  done,  and 
what  I  am  sure  we  are  going  to  do.  I  am  not  finding  any  fault 
because  we  have  not  done  it,  but  I  am  only  pointing  out  what  everi- 
body  else  has  had  to  do  to  simply  get  in  my  little  plea  for  the  prompt 
and  cheerful  doing  of  wjjatjs  before  us.  It  is  our  duty  to  remem- 
ber and  to  remind  everybody  else,  the  combined  sentiment  of  whose 
minds  makes  up  that  great  force  which  we  call  public  opinion,  which 
can  bring  anything  to  pass  which  it  wants  to  bring  to  pass.  We 
ought  not  to  lose  any  more  time,  and  incidentally  ought  not  to 
waste  any  more  money. 

Comparisons  are  not  odious  if  made  in  the  spirit  of  tr>nng  to  learn. 
They  are  not  odious  if  we  learn  the  lessons  which  they  have  to  teach. 

The  enhancement  of  real  estate  values  in  the  neighborhood  of 
centrally  located  park  improvements  can  be  depended  upon  to 
repay  the  cost  of  such  improvements  in  a  very  few  years.  In  the 
report  of  the  New  York  Park  Association  for  1882,  for  example, 
the  following  statement  occurs: 

'*The  amount  collected  (in  taxes)  in  twenty-five  years  on  the 
property  of  the  three  wards  named  (the  wards  contiguous  to  Central 
Park)  over  and  above  the  ordinary  increase  in  the  tax  value  of  the 
real  estate  in  the  rest  of  the  city  was  $65,000,000  or  about  S2 1,000,- 
000  more  than  the  aggregate  expense  attending  and  following  the 
establishment  of  the  park  up  to  the  present  year.  Regarding  the 
whole  transaction  in  the  light  of  a  real  estate  speculation  alone  the 
city  has  $21 ,000,000  in  cash  over  and  above  the  outlay,  and  acquired 
in  addition  thereto  land  valued  at  $200,000,000.*'  The  testunony  to 
the  same  effect  from  Boston  and  Chicago,  where  park  improvements 
have  been  carried  out  on  the  most  generous  scale,  is  quite  as  con- 
vincing. Even  if  Philadelphia  is  indifferent  to  the  claims  of  such 
improvements  to  the  river  on  any  other  grounds,  but  was  simply 
desirous  of  making  some  money,  there  can  be  no  reasonable  doubt 
that  this  is  the  way  to  do  it.  The  experience  of  other  cities  is  con- 
clusive evidence  that  with  a  beautiful  parkway  skirting  the  river 
the  neighborhood  would  soon  become  the  finest  residential  section 
of  the  city  instead  of  the  unspeakable  eyesore  which  it  is  at  present. 

DISCUSSION. 
George  S.  Webster. — We  have  for  many  years  been  in  the  habit  of  boastinjc 
in  this  city  of  our  great  aiul  beautiful  park.     To-<lay  we  have  fallen  far  behimi 
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in  area,  and  in  fact,  our  parks  are  not  large  enough  to  meet  the  requirements  oil 
general  holiday  occasions;  so  that  in  many  cases  our  citizens  are  compelled  to 
trespass  on  private  property  for  the  recreation  ground  the  city  does  not  furnish. 
It  would  therefore  seem  proper  at  this  time  that  we  should  follow  the  example  of 
other  American  cities  and  arrange  for  the  extension  of  our  Park  System. 

There  exists  within  the  limits  of  the  city  a  number  of  beautiful  valleys,  splen- 
didly adapted  by  nature  for  parks.  They  are  susceptible  of  park  development, 
and  the  cost  of  acquiring  them,  laying  out  the  necessary  drives,  and  otherwise 
improving  them  would  not,  in  many  cases,  entail  as  large  an  expenditure  upon 
the  city  as  the  opening  of  streets  across  and  through  them,  with  consequent  heavy 
land  damages  to  be  paid  out  of  the  city  treasury. 

The  valleys  of  Cobb's,  Pennypack,  and  Poquessing  Creeks,  each  possesses 
much  natiu^  attractiveness,  with  alternating  reaches  of  meadow  and  woodlands 
hemmed  in  by  hills. 

In  order  to  secure  for  Philadelphia  a  comprehensive  system  of  parks  the  public 
must  be  educated  to  the  necessity,  so  that  legislation  may  be  obtained.  With 
this  object  in  view  a  number  of  scientific,  educational,  and  art  societies  and  busi- 
ness and  improvement  associations  of  the  city  have  joined  together  under  the 
title  of  the  Allied  Organizations.  The  purpose  is  to  issue,  from  time  to  time, 
illustrated  publications  upon  park  development,  and  thus  increase  the  sentiment 
ill  favor  of  the  acquisition  of  additional  park  area  and  the  construction  of  con- 
necting parkways. 

COMMUNICATED  DISCUSSION. 

William  Copeland  Furber. — Philadelphia  has  been  a  commonplace  city  so 
long  that  we  have  become  used  to  the  commonplace  and  it  no  longer  causes  us 
any  dissatisfaction.  The  reason  why  we  have  no  boulevards  is  because  we 
have  never  had  the  first  one,  and,  trite  as  this  statement  may  seem,  it  is 
needless  to  say  that,  had  the  city  once  been  beautified  by  a  properly  laid  out 
boulevard,  the  example  would  have  been  followed  and  the  city  to-day  would 
be  a  better  and  more  interesting  place  to  dwell  in.  As  it  is,  the  suburbs  of 
the  city  are  being  developed  at  the  expense  of  the  city,  and  improvements  that 
might  otherwise  be  made  in  the  city  are  made  in  the  country,  because  the  city 
furnishes  no  adequate  setting  for  them. 

Philadelphia  has  suffered  from  the  ubiquity  of  the  operative  builder.  In  all 
parts  of  the  city  the  work  of  his  commercial  mind  is  seen,  row  after  row,  block 
after  block  of  uninteresting  houses  are  seen,  and  the  wliolesale  construction  of 
ready-made  houses  has  become  so  much  the  vogue  that  we  look  for  nothing  else. 
This  state  of  affairs  has  smothered  all  artistic  impulses  in  the  older  generation, 
and  left  nothing  for  the  instinctive  love  of  beauty  in  the  younger  generation  to 
feed  on ;  consequently  this  sense  is  not  developed  and  does  not  become  strong 
enough  to  cry  out  for  a  change. 

Ruskin  says  of  the  building  of  dwelling  houses : 

'*  I  would  have  then,  our  ordinary  dwelling  houses,  built  to  last  and  built  to 
be  lovely;  as  rich  and  full  of  pleasantness  as  may  be,  within  and  without  .  .  . 
with  such  differences  as  might  suit  and  express  each  man's  character  and  oc- 
cupation and  partly  his  history." 
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If  tf.i*  rilf  -hy  iL  *  \je  AiiH^i  to  P^.ibwlelpliia,  with  hs  km^  vistas  of  mMtbiut- 
TTiAfie  K^t'i-**  frr,f.t*.  it  wo-il  i  ii..i>-ate  that  the  ^Tvat^r  part  of  the  inhabftmnU  erf 
the  city  ha^i  tr.#>  ^am*^  rfiar*rt*^r  ai.«l  ormpatino.  and  tb«*^  diararters  aod  ocro- 
patiopf.s  ex^-^lir.zly  »ii. li.T<*r»-^:r.g  of.*^:  ainl  yet  it  (ioe*  foBo»  to  a  certain  ex- 
tent that  I  hi-  i*  tpi*-.  or  th*-  L'.-iiA-i-iuality  of  the  eitixen  coold  not  he  s«o  «e«It 
arid  *>ff#-rT«iauy  rF-^r*^-*^!  a-  it  i-  ii.  tJi**  matter  of  dwelKnrs.  politics,  and  city 
niaiiair^-mfM,  ai.'i  ^jia'^k  of  all  thi-  there  lie>  a  reason:  A  public  which  unpcotol- 
ineiy  accept-  i^a'iy-n.ade  Lou-*-*,  al-o  accef»t*  ready-ina*ie  (politics  and  readr- 
mad^  thoufftii.  r»r.  u:  hri**f.  a*"^-*-!*!-  wj*at  U  eiven  it  without  thou^t  or  quertioo. 
From  th*-*-  e\\*'wi\f*^  it  i-  api«arF*nt  that  the  great  body  of  the  peoj4e  i>  do5 
iriitiativ«'  mA  i-  th*-n-fore  do-ihtl**^^  conipo^eii  of  employees  who  are  accust<inifd 
to  taking  onier^.  liA*^^,  it  i-  hanl  to  account  for  the  "^rvility  an<J  the  ci«- 
Xf\iX*'i\\t*'^^  (A  tl.f  erfat  rna*-  of  th«'  people  of  Phila«ielj>hia  on  any  other  hypotb- 
*'-i*.  I'ndcr  -ufh  c<»ii4:ti*»ii-  a-  thf*-e,  it  U  necev'^ar>'  to  .«*el  an  example  and 
do  "^ime  ediuatioiial  wfjrk. 

'nu**»e  gefitl<'!ii«-ii  who  have  -hown  U5  by  compariMMi  how  the  hank.<  of  the 
Sf-huylkil!  Kivfr  niijrht  \n*  tri-ateti,  a-*  rivers  are  treateil  in  European  cities,  and 
who  hav«'  •'hown  the  fea''il>!hty  of  pre-eniptuifj  the  creek  valleys  for  an  ootlr- 
injr  park  \v-tern,  are  iUnuz  thi^  nece'-sar>-  educational  work,  and  it  L<  to  be  hoped 
that  they  will  ke«*[)  up  h»*art,  and  in  ^ea"^!!  and  out  of  :*^a*on  will  show  the  pec^iie 
wherein  they  are  '^o  lacking:,  an<l  that  the  truth  will  be  finally  forced  home  to 
them. 

In  democratic  count rie-  the  jMH>[)le  are  theoretically  sovereigns  and  to  them 
l>elong'<  the  resjK)n>ibility.  If,  by  rea*«on  of  shirking  their  duties,  their  powefs 
are  usurped  by  tlie  party  lK)'i'ie>,  they  are  none  the  less  to  blame.  In  monarchieB 
tlie  rulers  often  take  the  initiative  and  construct  pubUc  works  and  improve- 
ments on  a  large  >cale,  Init  in  governments  by  the  people  the  recognition  for  the 
necessity  of  >uch  imj)rovements  mu^^t  first  arise  from  the  enlightened  intelligence 
of  the  citizens. 

The  absurdity  of  exten<ling  the  gridiron  system  of  streets,  with  its  lack  of 
conformity  to  the  tofK)graphical  conditions  of  the  ground  and  its  necessarj-  de- 
struction of  the  natural  wocKllaiuls  and  parks  is  so  monstrous  that  it  calls  for 
the  instant  ces.sation  of  this  mechanical  and  unsuitable  system. 

Let  us  send  our  District  Surveyors  to  schools  where  city  planning  b«  tau^t 
as  a  fine  art  and  let  them  leani  that  there  is  a  science  of  beauty  as  well  as  a  science 
of  grades  and  levels;  then  we  may  ho[)e  for  l^etter  things. 

Wliat  we  all  need  as  citizens  is  a  broader  knowledge  of  civic  betterment  and 
a  higher  a^stlietic  appreciation  of  municipal  possibilities;  then  the  baidcs  of  the 
Schuylkill  may  be  redeemed  from  their  present  squalor  and  be  converted  to 
architectural  decency,  and  our  streets  and  parkways  l>e  so  treated  that  this 
urban  life  of  ours  may  l)e  more  of  a  delight. 
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ELECTRIC  DRIVE. 

E.    L.    WALKER. 
Read  November  19,  WOL 

The  economic  operation  of  any  given  shop  is  always  dependent 
on  a  number  of  considerations,  each  one  of  which  must  claim  its 
proper  amount  of  attention. 

The  establishment  of  electric  drive,  or  of  a  system  of  cranes,  or 
the  paying  of  men  by  the  piece-work  plan,  or  the  adoption  of  any 
one  of  a  dozen  modern  methods,  will  not  in  itself  raise  the  shop  to 
its  highest  efficiency.  That  state  can  only  be  attained  by  a  careful 
regard  being  given  to  all  sides  of  the  varied  and  complicated  prob- 
lems which  relate  to  the  operation  and  management,  and  which 
first  arise  with  the  planning  and  designing  of  the  shop  buildings; 
however,  even  after  a  given  shop  has  been  in  successful  operation 
for  a  number  of  years,  it  is  often  quite  possible  to  increase  its  effi- 
ciency, and  sometimes  to  a  large  extent,  by  the  adoption  of  one 
or  more  of  the  more  modern  methods,  or  by  a  more  careful  attention 
to  some  detail  of  the  present  practice.  Often  by  simply  changing 
the  belts  on  a  machine  from  single  to  double  thickness  an  increase 
in  the  roughing  cuts  may  be  made  possible  which  will  greatly  facili- 
tate the  work.  Often,  too,  by  the  adoption  of  a  wider  finishing 
cut  a  great  deal  of  time  can  be  saved. 

If  it  takes  an  hour  to  run  the  finishing  cut  across  a  piece  of  work 
on  the  planer  at  y^^inch  feed,  it  will  take  one-half  an  hour  at  a  J- 
inch  speed,  thus  saving  thirty  minutes.  Another  increase  of  ^^ 
inch  in  the  feed,  making  the  total  y\  of  an  inch,  will  allow  of  finish- 
ing the  piece  in  twenty  minutes;  thus  saving  ten  minutes  more. 
The  first  increase  of  yV  ^^^^  ^^  ^^^  ^^^^  saved  thirty  minutes,  while 
the  next  increase  of  the  same  amount  saved  only  one-third  as  much, 
or  ten  minutes. 

The  following  table  shows  this  calculation  carried  on  to  a  feed 
of  i  inch,  which  is  not  at  all  excessive,  as  often  1-inch  feeds  are 
taken  on  comparatively  smooth  work  with  good  results. 

It  will  be  seen  from  reference  to  the  last  column  that  the  first 
increase  of  ^^  of  an  inch  in  the  feed  saved  more  time  than  all  the 
other  increases  added,  up  to  a  total  feed  of  J  inch,  in  the  first  case 
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thirty  minutes  being  saved  and  in  the  second  a  further  saving  of 
22.5  minutes  being  attained.  Putting  it  in  another  way,  we  ina}' 
say  that,  given  a  certain  job  requiring  one  hour  to  complete  the 
cut  at  yV^nch  feed,  as  much  saving  may  be  made  by  increasing 
the  feed  ^^j  of  an  inch  as  will  be  further  gained  by  an  additional 
increase  of  /^  of  an  inch,  making  a  total  feed  of  ^^  of  an  inch.  The 
foregoing  table  is  shown  graphically  by  the  following  curves  (Fig. 
1).  These  curves  are  plotted  between  feeds  expressed  in  sixteenths 
of  an  inch,  and  time  expressed  in  minutes.  Curve  1  shows  the  time 
required  to  do  the  piece,  2,  the  time  saved,  and  3  the  time  saved 
by  each  increase  in  feed. 
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These  calculations  show  the  advantage  to  be  gained  by  ver\'  small 
improvements,  and  that  given  a  case,  any  improvement  in  it,  how- 
ever small,  will  probably  be  productive  of  more  economy  than  any 
improvement  along  the  same  line  which  will  be  made  afterward. 
The  same  calculations  may  be  made  for  the  gain  in  production  by 
deeper  cuts,  increa^^ed  speed,  or  any  other  improvement,  and  the 
curves,  if  plotted,  will  be  similar  to  those  shown  in  Fig.  1. 

Probably  no  other  subject  directly  connected  with  machine  tools 
is  attracting  more  attention  than  the  efforts  of  the  builders  to  meet 
the  demands  being  made  upon  them  by  the  high-speed  steels  now 
on  the  market,  and  probably  the  most  interesting  feature  of  present- 
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day  practice  in  electric  motor  building  is  along  the  same  line. 
It  is  this  phase  of  the  subject  I  wish  to  take  up  more  at  length,  and 
it  may  be  briefly  stated  as  a  discussion  of  variable  speed  motors 
and  the  methods  of  applying  them  to  machine  tools. 

Variable  Speed  Motors. — In  the  early  application  of  variable  speed 
drive  the  tendency  on  the  part  of  the  designers  was  to  make  the 
motor  an  integral  part  of  the  tool;  on  lathes,  for  example,  to  em- 
body the  motor  in  the  headstock,  with  the  armature  built  direct 
on  the  lathe  spindle,  the  range  of  speed  being  accomplished  by 
armature  control  or  by  combined  armature  and  field  control.     It 
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Fig.  1. 


required  some  time  for  different  manufacturers  and  users  experi- 
menting along  this  line  to  find  out  that  this  was  an  impractical 
solution  of  direct  connection.  This  brought  about  the  considera- 
tion of  the  multivoltage  system  and  the  double  commutator  systems, 
which  are  more  or  less  complicated  in  themselves  and  at  the  same 
time  necessitate  a  very  special  controlling  apparatus,  and  which, 
owing  to  the  excessive  first  costs  and  cumbersomeness  in  opera- 
tion, are  dropping  out  of  use. 

The  main  objection  to  the  combined  armature  and  field  control 
is,  of  course,  its  lack  of  efficiency.  The  current  passing  through 
the  field  windings,  being  small,  causes  little  loss  when  cut  down 
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by  a  resistance  in  series,  but  that  passing  through  the  armature, 
being  proportional  to  the  work  being  done  and,  therefore,  very 
heavy  when  the  motor  is  working  at  full  load,  suffers  a  proportional 
loss  when  cut  down  by  a  resistance  placed  in  the  circuit ;  added  to 
this  is  the  annoyance  of  having  the  machine,  when  driven  by  such 
a  motor,  slacken  speed  at  a  point  where  the  cut  is  either  light  or 
runs  entirely  out,  and  speed  up  as  the  tool  re-enters  the  work  suffi- 
ciently to  burn  the  tool. 

It  has  been  urged  by  many  motor  builders  that  it  was  impossible 
to  build  a  motor  to  give  a  great  variety  of  speeds  regulated  entirely 
by  field  control,  and  that  the  idea  itself  was  impracticable,  owing 
to  the  supposed  necessary  size  of  the  motor  for  a  ver>'  small  varia- 
tion of  speed. 

The  desirability  of  such  a  system,  however,  led  to  experiment, 
and  to-day  there  are  variable  speed  motors  on  the  market  giN'ing 
a  range  in  speeds  of  from  1  to  2,  to  1  to  5,  and  in  special  cases  1 
to  6  or  8.  Probably  some  of  the  best  examples  of  variable  speed 
motor  building  are  furnished  by  those  companies  which  obtain 
their  variation  in  speed  by  a  system  of  field  resistance  alone,  and 
a  comparison  of  the  operation  of  their  motors  with  those  of  other 
systems  brings  out  many  points  of  interest  to  the  user  of  motors 
in  general. 

When  the  one  voltage  system  and  field  resistance  method  of  control 
is  compared  with  the  multivoltage  and  double  commutator  s\^tems, 
it  shows  a  large  advantage  in  that  the  same  variation  in  spee<l  is  ac- 
complished in  a  nmch  smaller  frame.  This  feature  of  compactness 
makes  it  possible  to  use  the  variable  speed  motors  on  work  where 
it  would  not  be  commercially  feasible  to  use  any  other  system,  either 
on  account  of  lack  of  space  in  which  to  fit  the  motor  or  the  high  first 
cost  where  multivoltage  and  such  systems  are  being  considered.  Tbe 
variations  of  speed  with  this  system  are  accomplished  by  using  a 
much  smaller  fonn  of  controlling  apparatus  than  with  the  other 
systems  mentioned,  and  one  in  which  the  chances  of  trouble  are  re- 
duced to  a  minimum.  In  the  latter  case  the  controlling  apparatus 
is  much  more  complex,  and  at  the  same  time  there  is  always  the 
danger  of  the  operator  permitting  the  controller  to  stop  l)etween  any 
two  combinations,  which  allows  the  tool  to  slacken,  and,  when  the 
controller  is  brought  on  to  the  next  combination,  there  is  danger 
of  not  only  ^\Tecking  the  gears,  but  of  burning  out  the  equipment, 
should  the  fuses  fail  to  blow  or  the  circuit  breaker  fail  to  throw  out. 
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With  the  one-voltage  system,  using  the  field  method  of  control  ex- 
clusively, there  is  no  time  when  the  armature  and  fielcj  circuits  are 
open;  consequently  the  increase  and  decrease  in  speed  from  one  step 
to  another  is  continuous. 

With  the  one-voltage  system  it  is  possible  to  install  an  equipment 
in  any  factory  where  at  present  they  have  direct  current  without 
the  additional  cost  of  special  wiring.  This  method,  therefore,  lends 
itself  much  more  advantageously  to  the  general  class  of  machine- 
shop  practice,  as  it  is  possible  to  connect  one  of  the  one-voltage 
system  equipments  to  any  direct  current  set  of  mains  already  in- 
stalled. This  item  in  itself  is  of  vast  importance  to  the  purchaser 
of  any  equipment,  in  that  it  does  not  necessitate  any  delay  or  special 
arranging  for  installing  the  motor-driven  apparatus. 

In  addition  to  the  added  first  cost  of  special  apparatus  required 
in  the  power  house,  and  the  motor  controllers  for  the  double  com- 
mutator, two-voltage  system,  and  the  multivoltage  system,  the  ad- 
ditional wiring  is  a  large  item  of  expense.  The  two  voltage  system 
requires  three  wires  and  the  multivoltage  at  least  four  wires  to  each 
motor,  and  these  wires  have  to  be  of  larger  size  than  those  required 
in  the  single- voltage  system;  so  that  twice  as  much  copper  is  re- 
quired in  the  first  case  and  three  times  as  much  in  the  second  as  is 
required  when  the  one-voltage  system  is  used.  This,  together  with 
other  necessary  material  and  the  extra  labor  required,  makes  an  item 
worthy  of  careful  consideration. 

One  of  the  most  important  features  of  this  system  of  control  is 
the  fact  that  it  gives  the  full  rat^d  horse-power  throughout  the 
range  of  speeds.  There  is  no  other  system  which  can  do  this,  both 
the  multivoltage  and  the  armature-control  systems  falling  off  in  horse- 
power as  the  speed  decreases.  This  performance  is  extremely  ob- 
jectionable for  machine  tool  drive,  in  that  it  is  almost  invariably  the 
case  that  the  maximum  horse-power  is  required  at  the  slowest  speeds 
at  which  the  tool  is  driven,  and  in  the  use  of  any  other  control  than 
this  it  is  necessary,  in  order  to  get  sufficient  power  at  slow  speeds, 
to  equip  the  machines  with  a  motor  of  abnormal  size  and  horse-power 
at  the  high  speeds. 

Of  course,  the  ideal  condition  would  be  to  get  a  constant  torque^ 
which  would  necessitate  a  larger  horse-power  at  the  higher  speeds; 
nevertheless,  it  is  a  step  in  the  right  direction  to  get  even  a  constant 
horse-power  at  all  speeds. 

The  bases  of  the  belted  motors  have  a  belt-adjusting  device  by 
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which  the  belt  can  be  tightened  by  a  few  turns  of  the  adjustmg  screw. 
In  the  larger  sizes  the  pole  pieces  can  be  removed  complete,  thus 
allowing  of  light  repairs  to  the  armature  without  removing  it. 

Motors  of  this  class  are  sometimes  provided  '^ith  a  back  gear- 
shaft,  which  reduces  the  number  of  revolutions  to  the  desired  amount 
without  the  use  of  a  counter-shaft.  This  back  gear  has  bearings  on 
the  motor  frame.  These  motors  may  be  operated  either  on  the  floor, 
wall,  or  ceiling  without  any  change,  except  to  turn  the  oiling  appa- 
ratus over  into  proper  position. 

For  ordinary'  machine  tools  the  manufacturers  reconmiend  a  motor 
of  speed  variation  of  1  to  2,  where  it  can  be  used,  as  it  require:? 
a  much  simpler  controlling  mechanism  than  does  a  higher  ratio. 

For  lathe  work  a  1  to  2  variation  of  speed  in  the  motor,  taken  in 
connection  with  one  change  of  speed  in  the  gears,  will  give  a  speed 
variation  at  the  tool  of  4  to  1.  Gear  ratios  can  be  worked  out  so 
that,  when  the  speed  has  been  increased  through  the  range  of  the 
motor,  another  driving  gear  can  be  thrown  in;  so  that  with  the  motor 
running  at  its  slowest  speed  the  tool  will  have  the  same  cutting 
velocity  as  it  had  just  previous  to  the  change;  now,  the  motor  may 
be  speeded  up  through  its  range  and  the  same  process  of  change  of  gear 
accomplished  as  before,  and  so  on  through  the  entire  range  of  th^ 
machine  tool,  thus  giving  ever\^  possible  cutting  speed  from  the  slow- 
est to  the  fastest  without  any  gaps.  This  arrangement  is  low  in  first 
cost  and  efficient  and  convenient  in  operation. 

The  actual  arrangement  of  the  necessar}^  change  of  gears  has  been 
worked  out  in  slightly  different  ways  by  the  various  manufacturers, 
some  using  slip  gears,  others  obtaining  the  change  by  means  of  fric- 
tion clutches.  The  friction  clutch  scheme  is  ver>"  desirable,  in  that 
the  entire  range  of  speed  can  be  given  the  tool  ^dthout  the  stopping 
of  the  motor. 

This  sort  of  arrangement  is  shown  in  Fig.  2,  the  Gisholt  lathe  driven 
by  a  variable  speed  motor.  While  the  builders  of  this  motor  recom- 
mend a  speed  variation  of  2  to  1  in  the  usual  cases  of  lathes,  boring 
mills,  and  machiner}'  of  that  class,  yet  they  are  inclined  to  beliex-e 
that  such  tools  as  shapers,  planers,  and  milling  machines  should  be 
eciuipped  with  motors  giving  a  speed  variation  of  4  to  1. 

The  controlling  apparatius  for  a  lathe  equipment  consists  of  either 
a  drum  type  or  slate  front  controller,  mounted  at  A  and  attached  to 
a  splined  rod,  B,  by  the  sprocket  chain,  C.  This  nxi  is  operated. 
through  a  set  of  miter  gears,  ])v  a  lever  attached  to  the  apron  of  the 
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lathe  at  D.  The  operator  has,  therefore,  right  at  his  tool  carriage,  a 
lever  with  which  he  can  start,  stop,  var\'  the  speed,  or  if  necessary 
reverse  the  direction  of  rotation  of  his  lathe,  and  is  therefore  in  a 
position  tx)  have  absolute  and  easy  control  of  his  machine  at  all  times. 
For  surfacing  machines  the  controller  can  be  mounted  on  any  con- 
venient part  of  the  machine,  and  is  then  well  within  the  reach  of 
the  operator.  A  controller  is  furnished  for  this  class  of  work  which 
is  operated  by  two  levers:  one  starting  or  stopping  the  machine  and 
the  other  varying  the  speed.  This  apparatus  Is,  however,  so  arranged 
that,  should  the  machine  l^e  stopped  by  the  operator,  or  by  the  stop- 
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page  of  the  current,  or  due  to  an  overload  opening  the  circuit  l)reaker, 
the  starting  lever  is  thrown  ])ack  to  the  off  position,  and  in  return- 
ing to  that  position  the  field-control  lever  is  brought  back  to  full  field. 
It  is,  therefore,  impossil)le  on  any  of  these  controllers  to  start  the 
machine  upon  an  extremely  weak  field.  All  these  controllers  are 
equipped  with  the  necessary'  armature  resistance  for  starting  up  the 
machine;  but  immediately  after  this  Is  done  all  this  resistance  is 
cut  out  and  the  speed  variation  obtained  by  field  control  alone. 

Most  of  these  motors  are  rated  on  the  basis  of  their  operating  in 
one  direction,  and  most  machine  tool  builders  at  the  present  time 
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are  designing  their  tools  so  as  to  use  a  motor  of  one  direction  of  rota- 
tion, as  it  enables  them  to  use  a  smaller  frame  for  a  given  capacity, 
and,  in  fact,  is  more  desirable  from  all  standpoints. 

The  manufacturers  of  these  motors  sum  up  the  claims  for  their 
system  of  drive  and  motors  as  follows: 

1.  The  one- voltage  system  is  used. 

2.  They  accomplish  the  entire  range  of  speed  by  th^  use  of  field 
resistance  alone,  excepting  that  in  cases  where  an  extraordinarily 
wide  range  of  speed  is  required  they  use  one  change  of  gears  in  com- 
bination with  the  variable  speed  motors. 

3.  They  are  able  at  the  present  time  to  get  a  greater  range  of  speed 
in  a  corresponding  size  of  frame  than  any  of  their  competitors;  in 
fact,  it  is  claimed  by  some  to  be  impossible  to  get  as  great  a  range 
of  speed  as  5  to  1  in  the  motor  itself  by  field  control.  Motors  are 
built  on  this  system  which  run  as  low  as  330  revolutions  per  minute 
under  full  load. 

4.  They  eliminate  the  complex  control  and  expensive  controlling 
apparatus  and  wiring  necessary  in  the  double-commutator  and  mxilti- 
voltage  systems. 

5.  Their  equipment  is  applicable  to  any  two-wire  direct-current 
system  already  in  use. 

6.  They  can  give  the  full,  rated  horse-power  of  the  motor  through 
the  entire  range  of  speed,  their  system  being  the  only  one  which  can 
do  this,  and  they  guarantee  a  regulation  inside  of  eight  per  cent, 
from  no  load  to  full  load  on  all  controller  points. 

7.  Their  system  is  claimed  to  be  the  most  efficient  on  the  market. 
Direct  Planar  Drive  by  Controller  System. — ^The  Electric  Controller 

and  Supply  Company,  of  Cleveland,  Ohio,  are  introducing  a  special 
design  of  controller  for  planer  work  which  allows  of  connecting  an\* 
variable  speed  motor  directly  to  the  cross-shaft  of  the  planer  by 
means  of  a  gear  and  pinion,  the  speed  regulation  and  the  reversing 
being  accomplished  by  their  system  of  control. 

Fig.  3  shows  a  Pond  planer  with  their  attachments.  A  is  the 
motor  geared  to  the  cross-shaft  from  which  the  pulleys  have  been 
removed.  B  is  the  reversing  controller  box  which  is  operated  by 
the  lugs  on  the  planer  table,  similarly  to  the  ordinary  operation  of 
reversing.  C  are  the  controllers  which  cut  down  the  field  resistance 
and  therefore  regulate  the  speed  of  the  table,  one  for  the  forward 
stroke,  and  one  for  the  backward.  These  can  be  set,  by  turning  the 
handles  shown  on  top,  to  give  any  desired  cutting  speed  and  return 
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speeds  of  greater  velocity.  A  switch-board  and  resistance  boxes  are 
shown  at  D.  The  switches,  arranged  in  a  row  at  the  top,  are  auto- 
matic and  so  connected  in  the  circuit  that  upon  reversal  the  motor 
is  brought  to  rest  by  utilizing  its  own  counter  electromotive  force  as 
a  brake,  so  to  speak,  and  the  current  in  the  other  dkection  is  only 
admitted  to  the  motor  when  nearly  at  rest  and  is  gradually  increased 
by  the  automatic  switches. 

The  principle  upon  which  this  is  based  is  that  a  motor  when  run- 
ning is  also  acting  as  a  dynamo,  it  being  of  exactly  the  same  theo- 
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retical  construction  as  a  dynamo  and  differing  only  in  the  matter 
of  details,  and  is  producing  an  electromotive  force  equal  and  opposite 
to  that  of  the  line  supplying  current  to  it.  In  this  case,  as  soon  as 
the  current  which  operates  the  motor  in  one  direction  is  cut-off,  a 
switch  is  thrown  in,  which  turns  the  current;  the  motor  tends  to 
generate  into  a  resistance  box.  This  quickly  stops  the  motor,  as  its 
only  supply  of  energy y  after  the  line  current  has  been  cut  off,  is  the 
kinetic  energy  of  the  rapidly  revolving  armature;  then  the  current 
is  let  into  the  motor  in  the  opposite  direction  as  rapidly  as  the  motor 
will  speed  up.    The  reversals  are  very  gradual,  but  any  desired  cut- 
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ting  speed  can  be  obtained  up  to  70  feet  per  minute,  and  the  com- 
mutation of  the  motor  is  al3Solutely  sparkless. 

A  disadvantage  to  the  system  is,  however,  that  the  four  automatic 
switches  must  operate  every  time  the  motor  reverses,  and,  eveji 
though  they  can  be  given  large  bearing  surfaces  and  pro\dded  %%-ith 
carbon  contact  points,  these  are  things  to  be  avoided  if  possible. 
though  the  Electric  Controller  and  Supply  Company  claim  that  the 
objection  is  not  serious  and  that  the  advantage  to  be  gained  far  over- 
balances it. 

Mechanical  Speed-changing  Device. — ^The  range  of  variation  in  speetl 
which  can  be  obtained  through  the  variable  s|)eed  motor  m  many 
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cases  nmst  be  augmented  by  mechanical  means  in  order  to  give  the 
machine  tool  a  wider  range  for  varied  classes  of  work;  then  too,  a 
motor  giving  a  variation  in  speed  of  2  to  1,  working  in  coimectinn 
with  a  suitable  mechanical  speed-changing  device,  will  be  cheaper 
and  more  economical,  due  to  the  simpler  controller  required,  than 
will  a  motor  of  high  ratio  of  speed  changes,  vdih  its  more  complicateil 
controller. 

The  National  Machine  Tool  Company,  of  Cincinnati,  Ohio,  have 
solved  this  problem  ver>'  nicely  and  furnished  the  connecting  link 
between  the  variable  speed  motor  and  the  machine  tool.  Fig.  4 
shows  two  sections  of  this  sj^eed  changer.     The  power  is  delivered 
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to  the  box  through  the  shaft,  A.  The  pinion  G  is  cut  on  the  shaft, 
and  the  gear  cone  C,  runs  loosely  on  it.  G  meshes  with  the  gear 
H,  on  the  lower  shaft,  and  thus  furnishes  the  slowest  speed  to  the 
machine.  This  gear  H  carries  pawls  which  automatically  drop 
into  the  ratchet  wheel,  cut  on  the  shaft  B,  whenever  the  pawls  and 
the  ratchet  are  going  at  the  same  velocity  regardless  of  direction; 
this,  then,  will  be  the  natural  speed  and  method  of  operation  of  the 
box,  and  when  a  change  is  made  from  one  speed  to  another  it  will 
always  automatically  return  to  this  condition  while  the  change  is 
being  arranged.  In  order  to  get  a  higher  speed  the  shaft  B  is  slid 
along  through  its  bearings  by  means  of  a  rack  and  gear,  controlled 
by  the  hand-wheel,  till  the  enlargement  N  picks  up  the  proper  loose 
gear  and  forces  it  into  mesh  with  the  cone  of  gears  C.  This  enlarge- 
ment N,  is  provided  with  keys  which  fit  into  the  seats  cut  in  the 
bores  of  the  loose  gears.  The  clutch  K  is  then  thrown  in  by  the 
lever  L,  and  the  pawls  on  gear  H  automatically  fly  out  as  shaft  B 
speeds  up  in  accord  with  the  new  arrangement. 
Some  of  the  advantages  of  this  arrangement  are: 

1.  It  is  impossible  to  operate  the  clutch  unless  the  gears  are  properly 
meshed. 

2.  The  casing  allows  of  running  the  whole  in  an  oil  bath. 

3.  It  may  be  so  designed  as  to  give  any  ratios  and  ranges  of  speed. 

4.  The  loose  gears  set  in  chairs  and  are  inoperative  when  not  trans- 
mitting the  power. 

5.  Neither  the  motor  nor  the  machine  has  to  be  stopped  to  change 
speed,  and  yet  the  change  is  made  without  the  gears  selected  carry- 
ing any  load  until  properly  meshed. 

Conclusions  in  Regard  to  Variable  Speed  Drive. — A  speed-changing 
mechanism  properly  designed  to  give  speeds  in  the  ratios  of  1  to  2, 
to  4  to  8,  etc.,  taken  in  connection  with  a  variable  speed  motor  with 
a  range  of  1  to  2,  will  give  every  speed  between  the  lowest  and  highest 
range. 

The  application  of  this  combination  to  an  old  lathe  or  other  machine 
would  be  extremely  simple.  In  the  case  of  a  lathe,  for  example,  an 
annular  gear  could  be  shrunk  on  one  of  the  cones  and  the  end  of  the 

shaft  fitted  with  a  pinion  to  mesh  with  the  gear.    The  variable -^ 

motor  could  be  geared  to  the  shaft  and  the  whole  appa 
arranged  as  to  be  carried  by  the  headstock  of  the  lathe. 

If  it  is  considered  undesirable  in  any  particular  case  to 
motor  directly  to  a  shaft,  a  chain  may  be  used,  thus  avoidi; 
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which  would  necessarily  be  of  extra  large  size  to  meet  the  main  ob- 
ject of  this  arrangement :  i.  e.,  to  get  the  most  out  of  the  high-speed 
tools. 

Special  Applications  of  Motors. — A  couple  of  special  adaptions  of 
motor  drive  are  illustrated  by  emery  grinders  and  vertical  drills. 

In  the  case  of  grinders  the  armature  may  be  placed  on  the  main 
shaft,  which  carries  the  wheels.  These  grinders  perform  the  same 
class  of  work  as  the  ordinary  belt-driven  emery  wheel  or  buffing 
wheel.  Their  advantage  lies  in  the  fact  that  they  are  simple  of  de- 
sign, easy  to  install,  give  a  constant  cutting  speed  when  desired,  and 
are  devoid  of  belts. 

The  armatures  of  the  motor  for  driving  the  wheels  is  situated  on 
the  same  shaft  as  the  wheels,  being  secured  to  it  by  two  taper  sleeves 
which  automatically  center  it  and  at  the  same  time  allow  of  the  shaft 
being  readily  removed.  The  bearings  are  of  the  self-aligning  type, 
with  large  rubbing  surfaces  and  provided  with  automatic  oiling  rings. 

The  motor  itself  has  a  dust-proof  casing  and  is  equipped  with  a 
starting  device  in  the  pedestal  of  the  machine.  This  starting  device 
also  allows  of  weakening  the  fields  of  the  motor  and  thus  increasing 
its  speed.  When  the  emery  wheels  are  new  and  of  large  diameter,  a 
slower  speed  may  be  used,  and  when  the  wheels  begin  to  wear  small 
they  may  be  speeded  up,  to  maintain  the  same  cutting  speed  at  the 
face  of  the  wheel  as  previously. 

This  type  of  grinder  obviates  the  necessity  of  driving  the  emery 
wheels  from  the  shafting  of  the  floor  below,  and  makes  it  possible 
to  readily  move  a  machine  to  a  position  of  greater  advantage.  To 
these  advantages  may  also  be  added  those  which  are  always  derived 
by  eliminating  line  shafting,  belts,  and  pulleys. 

The  Sellers  Pneumatic  Planer  Clutch. — This  is  a  device  for  quickly 
and  accurately  reversing  heavy  planer  platens,  and  at  the  same  time 
gives  some  of  the  advantages  derivable  from  variable  speed  drive 
by  the  use  of  a  constant  speed  motor. 

With  the  ordinary  belt-shiftmg  devices  as  commonly  applied  to 
planers  there  are  three  main  objections;  first,  that  the  belts  are 
necessarily  limited  as  to  width,  on  accomit  of  the  difficulty  encoun- 
tered in  shifting  wide  belts;  second,  the  speed  at  which  belts  can 
be  economically  run  is  limited;  and  thirdly,  that  only  a  certain 
cutting  speed  can  be  attained,  due  to  the  losses  in  overcoming  the 
inertia  of  the  belt  wheels  at  the  ends  of  the  stroke.  While  the  shift- 
ing of  a  forward  and  return  belt,  alternately  on  to  the  driving  pulley 
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does  very  well  for  the  requirements  of  the  old  tempered  steel  tools, 
it  does  not  permit  of  sufficient  power  to  drive  the  modem  high-speed 
steel  to  its  limit  for  heavy  cutting,  and  the  slip  consequent  upon  the 
sf)eeding  up  of  such  a  machine  is  so  great  that  the  benefits  derived 
are  much  smaller  than  those  aimed  at.  These  objections  are  acknowl- 
edged by  some  of  the  planer  builders  in  that  they  are  equipping  their 
planers  with  a  double  set  of  driving  belts,  one  on  each  side,  to  meet  the 
demands  of  high-speed  tools. 

The  Sellers  pneumatic  clutch  allows  of  as  large  a  driving  belt  as 
is  desired,  thus  permitting  slow-belt  speeds;  and  the  clutches  operated 
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by  air  give  such  a  quick  reversal  that  the  cutting  and  return  speeds 
may  be  carried  very  near  to  the  points  of  reversal,  thus  avoiding  the 
losses  due  to  the  slowing  down  of  the  planer  table  before  the  end  of 
the  stroke  is  reached,  and  those  consequent  upon  the  very  slow  re- 
versal of  the  old  type  machines  when  speeded  up  above  their  original 
design.  This  slow  reversal  detracts  from  the  benefits  derived  from 
speeding  up,  as  with  the  higher  speeds  the  reversals  grow  relatively 
slower  and  slower. 

Fig.  5  shows  the  Sellers  arrangement,  but  not  to  scale.  A  is  the 
driving  pulley,  and  may  be  made  wide  enough  to  accommodate  a 
belt,  delivering  any  desired  amount  of  power.  It  runs  faster  than 
the  shaft,  K,  during  the  cutting  stroke,  and  at  the  same  speed  as  K, 
during  the  return.     H  is  a  piston  keyed  to  the  shaft.     J  and  M  are 
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clutches  on  either  side  of  the  piston  and  connected  to  it  by  project- 
ing lugs;  so  that,  while  they  may  move  a  limited  distance  along  the 
shaft  in  either  direction,  yet  they  always  revolve  with  the  piston, 
and  consequently  with  the  shaft.  If  air  is  adn^tted  between  H  and 
M  the  clutch  will  be  forced  to  the  right  and  engage  the  driving  pul- 
ley. The  shaft  then  will  revolve  at  the  same  rate  as  the  pulley,  thus 
furnishing  the  return  speed  to  the  platen.  However,  if  air  is  admitted 
between  the  piston  and  J,  the  clutch  will  be  forced  to  the  left  against 
the  gear  G,  which  has  been  running  idle  on  the  shaft  up  to  this  point. 
L  is  a  clutch  keyed  to  the  shaft,  and  is  simply  to  supplement  the 
pressure  exerted  by  J,  thus  giving  more  holding  power.  With  the 
clutches  J  and  L  engaged,  the  belt  pulley  drives  the  shaft  K  through 
the  gears  B,  C,  D,  E,  F  and  G,  thus  giving  the  platen  its  forward 
or  cutting  speed. 

The  ratio  between  the  gears  D  and  E  decides  the  cutting  speedy 
and  this  may  be  changed  by  substituting  gears  of  a  different  ratio. 
The  fastest  possible  speed  for  the  return  stroke  can  be  determined 
upon  at  first,  and  will  remain  constant  thereafter.  This  arrangement 
can  be  so  designed  as  to  attach  to  old  planers,  thus  allo^\^ng  the 
purchaser  its  benefits,  at  low  cost. 


DISCUSSION. 

Harold  T.  Moore. — I  made  a  Prony-brake  test  recently  of  two  different 
makes  of  motors  of  the  single -voltage,  variable-speed  type,  which  were  rated  as 
3  H.  P.  machines  with  a  6  to  1  speed  range.  The  motor  frames  were  of  the 
size  generally  used  on  the  standard  12  H.  P.  constant  speed  motors,  but  as  they 
were  only  tested  for  tlieir  rated  value  (3  H.  P.),  a  constant  H.  P.  was  maintained 
throughout  the  range.  The  minimum  H.  P.  when  the  field  was  weakest  and  the 
speed  greate-;t  evidently  determined  tlie  rating.  At  the  slow  speeds  the  H.  P. 
available  was  greater  than  tliree,  but  owing  to  the  excessively  strong  field 
necessary  for  so  large  a  range,  a  heavy  overload  could  not  be  maintained  for 
very  long  at  the  slow  speeds  without  a  considerable  heating  of  the  field  coils. 
On  the  weakest  field  and  with  normal  load,  a  slight  sparking  at  the  commutator 
was  observed,  which  was  considerably  increased  with  an  overload. 

The  President. — In  defense  of  the  variable  speed  electric  motor  I  might 
call  attention  to  the  fact  that  mechanical  engineers  have  also  failed  to  devise  a 
satisfactory  variable  speed,  constant  [>ower  gear;  the  electrical  engineer  should 
therefore  not  be  blamed  too  much.  Mechanical  engineers  have  tried  for  many 
more  years  to  solve  this  difficult  problem,  but  have  not  succeeded. 

Mr.  Walker. — The  Baldwin  Locomotive  Works  was  "one  of  the  first  .large 
establishments  in  this  country  to  nitroduce  the  electric  drive,  and  to-day  it  would 
be  next  to  im[)ossible  for  them  to  operate  without  it.  The  shops  are  situated 
in  the  heart  of  a  large  city  an«l  are  necessarily  several  stories  in  height.     The 
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machines  are  set  closely  together,  and  the  larger  of  these  served  with  overhead 
traveling  cranes.  There  is  no  method  of  operating  these  tools  which  allows  of  the 
crane  ser\'ice  and  at  the  same  time  proves  as  flexible  and  economical  as  the  electric 
drive.  In  an  establishment  of  our  character  the  large  output  necessitates  an 
easy  and  rapid  method  of  handling  all  material  which  cannot  be  readily  moved 
by  laborers.  There  are  about  120  power  cranes  installed  in  the  works  at  present, 
the  majority  of  which  serve  machine  tools.  This  system  is  made  possible  by  the 
employment  of  electrically  driven  tools,  and  though  many  defects  may  be  found 
in  the  various  examples  of  electric  drive  they  are  far  outweighed  by  the  benefits 
derived  from  the  use  of  overhead  cranes  alone. 

D.wiD  Halstead. — In  defense  of  the  electric  drive  I  would  like  to  say  that 
quite  a  number  of  the  large  shops  in  this  country  are  using  electric  motors  for 
dri\'ing  machine  tools.  There  must  be  some  great  advantage  in  using-  these 
motors  or  they  would  not  spend  the  money  for  them. 

The  time  saved  in  operating  machine  tools,  and  therefore  the  increase  in  out- 
put, can  be  traced  to  this  convenient  methoil.  The  turning  of  the  handle  of  a 
controller  compared  with  the  shifting  of  belts  to  different  steps  of  cone  pulleys 
would  result  in  the  choice  of  the  former.  Not  only  is  there  this  convenience, 
but  one  has,  with  the  electric  drive,  a  flexible  system  and  a  clearer  hea<l  room 
than  can  be  had  with  belt  transmission.  There  is  also  a  great  saving  in  a  shop 
where  the  power  is  transmitted  through  copper  nnre,  with  only  the  resistance 
of  the  wire  to  deal  with,  compared  to  the  loss  of  friction  due  to  the  long  system 
of  belt  transmission.  Particularly  is  this  so  in  right-angle  drives  and  vertical 
shafting.  We  should  further  compare  the  cost  of  repairs  of  the  moving  behs 
to  the  fixed  copper  conductor  and  the  time  and  convenience  for  any  changes 

W.vLTER  LoRiNG  Webb. — I  always  supposed  that  one  great  point  in  this 
question  of  electric  drives  vs.  belt  transmission  was  the  matter  of  the  total  fwwer 
required  in  the  engine  room.  I  ha<l  always  assumed,  especially  where  the  shops 
are  very  large  and  where  the  system  of  shafting  would  have  to  l)e  very  ext^nsiv*% 
that  the  loss  of  energ>'  between  the  engine  and  the  various  machines  would  total 
up  to  a  very  large  percentage,  and  that  the  system  of  eU^'tric  drivt-s  would  re- 
sult in  some  economy  in  that  respect.  I  do  not  profess  u>  know  anything  alH>ut 
it,  but  I  would  like  to  ask  if  tests  have  l>een  made  in  rfganJ  to  the  relativp  **con- 
omy  of  these  two  systems  in  that  respect,  irresjiective  of  the  a*Jvantagr*s  of  having 
overheatl  cranes,  etc. 

Hexry  Hess. — In  point  of  jjower  to  be  provicjerl  there  is  ver>'  little  difference* 
between  individual  motor  and  Hne  ^haft  driving;  the  central  fK>wer  plant  capa- 
city need  not  exceed  one-fourth  to  one-third  the  aggregate  of  the  variou-  motor*. 
But  motors  must  be  sflecte<l  with  reference  to  the  rnaxirniirn  \Htwcr  require- 
ments of  the  tools,  not  their  average:  as  a  rf^nlt  th*-  individual  motors  are  worked 
at  less  than  their  normal  cafiacity  and  are  therefore  u-er|  iin^-eononiieally;  that 
means  that  the  saving  due  to  eliniinati*^»n  of  hne  »haft  frietii»ri  i«  hr*t  by  this 
necessary  uneconomical  u*^  of  motor**,  ^t  that  there  ii*  little  real  difference  in 
power  efficiency.  Still,  individual  motor  f\r.\'iue  i-  advanta^eou-  j^rtieuUriy 
as  concerns  the  larger  tool*,  whieh  ean  th^-n  U-  njn  ov*-rtin>e  witho'jt  idly  driving 
long  lines  of  shafting.  In  *ueh  ca-^—  the  iriMi-.  ifPial  n»ot/ir  i-  v#'ry  tt'/fioniifal. 
Again,  certain  tools  are  l^etter  brf^'j^rKt  to  th*-  worK  thaii  the  work  to  the  UffA*; 
this  is  the  general  practiee  in  ?^>fr,e  of  tt.*-  lartr*-  ele/tri^al  eoT.cn.-,     ^^Ker  tool*. 
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again,  can  be  handled  better  with  individual  motors  than  with  belts.  The  best 
arrangement  for  large  shops  is  a  grouping  of  smaller  tools  to  be  driven  by  short 
line  shaft  sections,  each  section  having  its  own  motor.  Individual  motors  are 
iised  on  the  larger  tools;  on  some  of  these  several  small  motors  are 
employed  for  various  motions.  My  own  practice  has  been  to  group  all  tools 
requiring  less  than  3  H.  P.  for  belt  driving  and  to  use  individual  motors  on  all 
tools  calling  for  3  or  more  H.  P.  Naturally,  this  is  not  a  hard  and  fast  rule; 
tools  otherwise  coming  imder  the  first  head  may,  by  using  individual  motors, 
be  placed  at  more  advantageous  locations  where  it  would  be  awkward  to  use 
line  shafts. 

The  President. — Such  tests  as  Mr.  Webb  referred  to  have  been  made  fre- 
quently, and  have  shown  a  decided  saving  in  power  when  electric  motors  were 
used  to  replace  shafting  and  belts.  There  is,  however,  a  difference  in  different 
plants  and  it  depends  largely  upon  the  natiu^  of  the  plant  how  much  more  eco- 
nomical electricity  will  be.  Each  case  must  be  considered  by  itself.  As  few 
what  Mr.  Hess  said,  I  don't  think  he  is  quite  right  in  saying  that  you  replace 
the  belt  by  an  inefficient  motor.  I  think  mast  electric  motors  are  far  more  eflS- 
cient  than  the  belts  and  shafting.  In  driving  by  belts  there  are  generally  several 
belts  between  the  engine  and  the  final  power  consuming  machine,  and  the  ineffi- 
ciency has  to  be  charged  to  the  whole  series  of  belts  and  shafting.  As  an  illus- 
tration of  a  point  raised  by  Mr.  Barth,  I  would  like  to  mention  a  case  that  came 
to  my  notice  only  a  few  days  ago.  It  was  a  face  lathe  for  objects  of  large  diam- 
eter. By  using  a  variable  speed  in  making  the  cuts,  you  can  increase  the  speed, 
in  the  exact  proportion  as  the  tool  approaches  the  center,  and  in  that  way  you 
can  face  off  the  plate  in  the  minimum  possible  amount  of  time,  because  the 
cutting  speed  will  then  always  be  the  same.  That  is  only  one  illustration  of 
the  advantages  of  variable  speed. 

Mr.  Walker,  in  his  paper,  said  that  it  would  be  still  more  desirable  to  have 
a  constant  torque  at  variable  speeds.  This  is  not  consistent  with  having  a  con- 
stant horse  power;  if  this  is  to  be  done,  then  it  must  not  be  expected  that  the 
motor  has  the  same  power  at  all  speeds,  because  the  power  of  the  motor  wiD  of 
necessity  have  to  increase  as  the  speed  increases.  In  any  such  system  as  that, 
the  motor  must,  of  course,  be  relatively  very  large  for  the  power  at  the  low  speed, 
as  it  will  then  be  running  far  below  its  possible  power.  The  difficulty  has  been 
to  get  the  same  horse  power  out  of  the  motor  at  the  variable  speed,  not  the  same 
torque. 

Mr.  Walker. — One  thing,  in  defense  of  the  variable  speed  drive,  which  may 
be  emphasized,  is  sho\%'n  in  the  first  curx^e  (Fig.  1 ).  The  table  shows  a  similar  result 
except  that  it  is  worked  out  for  increase  of  feed ;  but  the  same  principles  would 
apply  in  regard  to  increase  in  speed.  The  first  increase  in  sj>eed  will  save  a  great 
deal  more  than  any  equal,  subsequent  increase  in  speed.  A  slight  difference  in 
speed  cannot  be  accompli.shed  between  the  steps  of  a  cone  pulley.  With  a  vari- 
able speed  motor  this  can  be  done,  and  I  think  a  great  deal  of  money  is  often 
lost  by  not  increasing  the  speed  only  a  very  slight  degree. 
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THE  FREMONT  METHOD  OF  DETERMINING  THE  FRAGILITY 
OF  IRON  AND  STEEL. 

THORSTEN   Y.    OLSEX. 
Bead  Dfcemher  S,  190L 

In  this  paper  I  will  endeavor  to  explain  the  Fremont  Method  of 
Testing  Iron  and  Steel.  My  knowledge  of  the  subject  is  based  mostly 
on  translations  which  I  have  made,  from  the  French,  of  Mr.  Fremont's 
many  papers  to  the  Society  for  the  Encouragement  of  the  National 
Industry,  together  with  a  personal  acquaintance  with  Mr.  Fremont 
at  Paris  in  1900.  In  addition,  I  have  been  able  to  make  various 
experiments  on  one  of  the  Fremont  machines  at  the  laboratory  of 
Tinius  Olsen  &  Co. 

To  fully  explain  this  new  method  and  machine  it  is  necessary  to 
give  the  reasons  for  the  desire  for  a  new  method,  the  comparison 
with  other  methods,  and  results  obtained  by  this  new  method  un- 
obtainable in  any  other  manner. 

For  several  centuries  past,  methods  of  testing  have  undergone  con- 
siderable changes;  thus  in  the  seventeenth  and  eighteenth  centuries 
the  test  by  a  blow  was  considered  as  the  foremost  and  hardest  test 
for  a  steel  to  undergo.  No  exact  means,  however,  was  known  at 
that  time  for  determining  the  force  of  the  blow,  and  hence  the  test 
was  in  a  crude  and  uncontrollable  form.  The  test  by  tension  was 
also  used  at  this  time,  but  only  became  known  as  the  principal  form 
of  testing  after  the  middle  of  the  nineteenth  century.  Thus,  accord- 
ing to  Mr.  Fremont,  the  test  of  tension  owes  its  great  growth  to  re- 
search work  on  iron  and  steel  by  Mr.  David  Kirkaldy,  in  1860,  to- 
gether with  the  development  of  the  Bessemer  steels.  From  this  time 
the  test  of  tension  increased  in  importance,  while  that  of  shock  or 
impact,  as  a  factor,  lessened. 

With  tension  testing  definite  results  may  be  obtained;  in  fact, 
the  standard  machines  of  to-day  are  by  far  more  accurate  than  the 
homogeneity  of  the  metal  warrants.  To-day  all  the  formulae  on 
which  engineering  problems  are  based  are  derived  from  results  ob- 
tained from  tension  testing.  Standards  have  consequently  been 
adopted  for  various  materials,  varying  with  the  known  stresses  they 
may  be  subjected  to. 
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Due  to  the  lack  of  homogeneity  of  a  steel  and  to  the  unknown 
stresses  which  must  frequently  take  place,  factors  of  safety  are  stipu- 
lated; thus,  if  a  boiler,  rail,  or  other  structure  is  designed  properly, 
it  should  break  only  by  an  unknown  fault  in  the  material.  Accidents 
occur;  but  should  they  be  called  accidents  when  possibly  they  might 
be  avoided?  The  defects  in  the  steel  are  either  lack  of  homogeneity 
or  excessive  fragility  or  both.  While  the  manufacturer  has  been 
plodding  on,  testing  his  material  as  required,  being  then  safe  from 
further  responsibility  or  criticism,  the  scientist  has  been  endeavoring 
to  obviate,  to  the  best  of  his  knowledge,  these  two  faults  of  steel. 
The  first  fault,  that  of  lack  of  homogeneity,  may  be  eliminated  only 
slightly  by  making  a  greater  number  of  tests;  the  second,  by  an 
impact  or  shock  test.  To-day  there  is  an  impact  test  prescribed  for 
a  rail;  why  not  for  a  boiler  plate,  wheel-tire,  or  any  portion  of  a 
mechanism  subjected  at  some  time  or  other  to  an  abrupt  or  inter- 
mittent stress? 

The  "fragility"  is  a  knowTi  factor  as  far  as  the  knowledge  of  its 
existence,  but  no  further.  Through  lack  of  method,  machine  and 
standards,  the  consumer,  together  with  the  producer,  have  alike  been 
compelled  to  ignore  the  fragility  of  their  steel.  Mr.  Fremont,  intent 
on  relieving  this  state  of  affairs,  and  being  in  a  position  to  fully  in- 
vestigate various  methods  of  testing,  commenced  a  series  of  investi- 
gations to  determine  the  best  means  of  testing  for  the  fragility  of 
steel. 

In  France,  testing  as  done  in  this  country'  is  looked  upon  as  an 
extravagance,  and  only  the  largest  companies  can  afford  a  moderate 
size  testing  machine.  The  cost  of  the  material  and  preparation  of 
tension-test  pieces  are  also  considered  a  great  expense,  and  hence 
Mr.  Fremont,  considering  this  together  with  the  desire  of  testing 
portions  of  plates  nearest  to  the  portion  actually  used,  and  of  testing 
thin  plates,  made  his  test  specimen  ver>'  small  throughout  his  various 
experiments;  thus,  his  specimens  are  10  mm.  wide  by  8  mm.  thick 
and  30  mm.  long,  with  a  notch  cut  crosswise  in  the  center  of  one  of 
its  broad  sides,  1  mm.  wide  by  1  mm.  deep. 

Fig.  1  shows  the  comparison  of  some  tensile  specimens  with  those 
of  the  Fremont  type. 

Mr.  Fremont  first  experimented  with  the  bending  test,  and  bent 
his  small  specimens  over  a  die  20  mm.  long,  with  a  punch-shaped 
tool  in  a  machine,  as  shown  by  Fig.  2.    This  machine  was  arranged 


Olsen — The  Fragility  of  Iron  and  Steel, 


59 


Fjg.  1. 


Fio.  2. 


60 


Olsen — The  Fragility  of  Iron  and  Steel. 


with  an  autographic  apparatus  for  producing  the  stress-strain  diagram 
of  the  test. 

Now  take  two  steels  which  have  given  approximately  the  same 
diagram  by  the  tension  test;  call  these  two  steels  No.  9  and 
No.   16,  as  in  A,  Fig.  3.    Subject  this  same  material  to  a  bend- 
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ing  test.  The  second  set  of  curves,  at  B,  were  obtained  from  these 
two  steels  tested  both  with  the  rolling  and  at  right  angles  to  it.  These 
curves  show  that  in  both  cases  No.  16  broke  with  a  greater  amount 
of  work  than  No.  9,  although  the  reverse  was  shown  by  the  test  of 
tension.    Then,  again,  at  C  is  a  bending  diagram  of  a  steel  which 
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gave  a  similar  tension  diagram.  This,  as  can  readily  be  seen,  gives 
a  far  better  bending  test  than  either  of  the  other  two  steels. 

These  bending  tests  reveal  some  quality  of  the  steel  not  revealed 
by  the  tension  tests.  Does  the  bending  test  reveal  all?  Will  it 
reveal  this  quality  on  a  less  ductile  steel? 

Take  a  soft  steel,  prepare  a  specimen  as  formerly,  placing  a  notch 


at  its  under  side  to  reduce  the  elongation,  then  polish  one  side  and 
submit  it  to  a  partial  bending.  The  deformations  are  easily  seen  in 
Fig.  4.  They  consist  of  the  interposition  of  two  elementary  deforma- 
tions more  distinctly  shown  in  the  diagram.  Fig.  4.  One  deforma- 
tion is  that  of  swelling;   the  other,  that  of  depression. 

The  depression  E  F  G  B  H  is  nearly  an  ellipse,  of  which  the 
major  axis  coincides  with  the  line  A  B  joining  the  point  of  impact 
to  the  notch.    The  swelling  is  a  portion  of  the  ellipse  having  the 
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same  major  axis  as  the  preceding,  but  the  extremities  of  the  major 
axis  do  not  coincide.  The  two  ellipses  have  the  part  A  G  B  H  in 
common,  and  thus  the  two  deformations  are  in  part  neutralized.  The 
other  portion  of  the  ellipse  produces  the  maximum  deformations,  and 
the  rupture  takes  place  along  the  synclinal  lines  G  F  and  H  E. 

Take  now  the  case  of  a  fragile  steel  as  shown  by  Fig.  5.  In  this 
case  the  ellipse  caused  by  the  compression  or  the  swelling  is  reduced 
to  nearly  nothing.    The  nipture  is  made  downward  by  tension  fol- 


Fio.  5. 


lowing  the  line  A  K  in  the  diagram,  and  the  rupture  is  effected  abruptly 
with  a  ver>^  small  expense  of  work. 

For  steels  of  intermediate  quality,  the  two  ellipses  will  vary  from 
the  one  extreme  to  the  other. 

The  rupture  of  these  steels  depends  upon  the  position  of  the  point 
K  of  the  ellipse  of  compression.  If  the  point  K  goes  to  A,  the  metal 
will  not  be  weak,  while  if  the  point  K  rests  in  the  neighborhood  of 
point  B,  the  metal  will  be  extremely  weak.     Thus,  both  the  pronii- 
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nence  of  the  swelling  and  the  position  of  the  point  K  are  important 
factors  in  this  determination  for  the  fragility. 

Here,  again,  in  connection  with  these  deformations,  Mr.  Fremont 
states  that  in  the  period  of  permanent  deformations  the  neutral  sur- 
face is  neither  parallel  to  the  faces  nor  at  equal  distances  from  the 
faces.  The  position  of  this  surface  may  vary  with  the  condition  of 
the  test,  and  conditions  being  equal,  with  the  quality  of  the  metal; 
in  other  words,  the  more  fragile  the  steel,  the  closer  the  neutral 
surface  approaches  the  compressed  side,  and  vice  versa. 

As  the  neutral  surface  is  not  at  equal  distance  from  the  faces,  espe- 
cially for  fragile  steels,  the  idea  is  inferred  that  a  difference  exists 
between  the  elastic  limit  for  tension  and  for  compression;  thus  Mr. 
Fremont,  in  a  note  to  the  French  Academy  of  Science,  stated  that 
'*a  steel  is  fragile — that  is  to  say,  it  breaks  abruptly  by  bending  with 
the  expenditure  of  a  small  amount  of  work — or  non-fragile — that  is 
to  say,  it  breaks  slowly  in  exerting  a  quantity  of  work  proportional 
to  that  exerted  for  rupture  by  tension — according  to  whether  the 
ratio  of  the  elastic  limit  of  tension  to  the  elastic  limit  of  compres- 
sion is  less  or  greater  than  unity.'*  This  would  not  be  an  absolute 
means  of  judging  the  fragility,  as  the  elastic  limits  would  be  taken 
from  static  tests,  and  not  by  means  of  a  blow  or  impact. 

In  the  eighteenth  century  a  merchant  tested  his  steel  by  examining 
the  break  after  rupture,  by  knocking  the  same  with  a  hammer.  Then, 
later,  repeated  blows  of  the  same  hammer  from  a  given  height  were 
tried;  but  neither  of  these  gave  any  definite  results  on  the  fragility 
of  the  material. 

In  1722  the  great  scientist  Reaumur  measured  the  hardness  of  steel 
by  the  number  of  blows  of  a  hammer  necessary  to  make  a  chisel  pene- 
trate to  a  certain  depth.  This  method  was  long  and  tedious  and 
also  lacking  in  results. 

It  has  been  proposed  to  require  all  steel  to  stand  a  certain  drop 
of  a  hammer,  and  keep  this  a  standard.  Then,  however,  tw^o  points 
for  discussion  would  arise: 

First,  The  possibility  of  an  arbitrary  appreciation  of  the  commence- 
ment of  rupture. 

Second,  the  total  resistance  of  the  metal  could  not  l>e  measured. 

Let  us  take  a  slightly  different  form  of  drop  testing.  Take  a  bar 
and  mark  it  off  by  small  notches  and  place  it  under  a  hammer,  drop- 
ping the  same  through  successive  heights,  until  a  point  is  reached 
where  an  increase  or  decrease  will  rupture  or  prevent  nipture  of  the 
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bar.  This  gives  the  result  only  after  testing  a  great  number  of  bars ; 
it  also  supposes  the  metal  to  be  homogeneous ;  and  finally  it  does  not 
reveal  accurately  the  fragility  of  the  steel,  because  a  steel  breaking 
with  an  amount  of  work  equal  to  N  ft.  lbs.  produced  by  a  height  of 
fall  equal  to  P  will  break  with  a  quantity  of  work  less  than  N  pro- 
duced by  a  fall  greater  than  P.  To  illustrate  this,  Mr.  Fremont  took 
from  the  same  steel,  six  specimens  of  the  same  size,  and  marked 
them  1,  2,  4,  5,  6,  and  3.  He  then  tested  them  by  shock  at  increas- 
ing speeds  of  from    1    meter   to    IJ    meters.     These   specimens   so 


Fig.  6. 


broken  are  shown  in  Fig.  6.  The  first  five  appear  about  the  same, 
the  sixth,  or  No.  3,  alone  being  broken  off  abruptly.  The  metal 
had  thus  become  fragile  for  a  speed  of  H  meters. 

To  explain  this  fact  it  is  supposed  that  the  transmission  of  the 
forces  in  the  material  Ls  not  instantaneous  and  so  depends  on  the 
speed  of  impact.  The  volume  of  the  metal  concerned  will  vary  in- 
versely with  the  speed  of  impact.  In  the  product  of  the  resistance 
by  the  deformation,  the  factor  ^'deformation"  decreases  as  the  speed 
of  impact  increases,  and  the  rupture  will  be  made  with  a  less  expendi- 
ture of  work. 
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The  scientist  Camot,  in  1889,  stated:  ''If  we  suppose  a  steel  or  iron 
submitted  to  a  continuous  slow  force,  it  is  understood  perfectly  that 
this  persistent  force  transmits  itself  successively  from  molecule  to 
molecule  in  such  a  manner  that  all  the  molecules  are  submitted  to 
like  forces.  In  the  contrary  case,  when  the  force  is  abrupt  or  instan- 
taneous, it  is  understood  that  all  the  molecules  touched  can  be  dis- 
aggregated from  the  beginning  while  the  other  molecules  will  support 
no  apparent  effort."  According  to  this,  then,  metals  can  exhibit  very 
different  qualities  when  submitted  to  a  slow  force  or  to  an  abrupt  one. 

In  tension  testing  the  speed  is  a  more  or  less  important  factor, 
depending  on  the  ductility  of  the  steel,  and  it  is  well  known  that  an 
increase  of  speed  increases  the  resistance  of  the  metal,  but  decreases 
the  elongation. 

By  comparing  tests  effected  by  rupturing  specimens  by  a  repe- 
tition of  blows  and  by  a  single  blow  Mr.  Fremont  found  that  some 
steels  ruptured  by  a  single  blow  required  but  one-third  to  one-fourth 
the  amount  of  work  required  by  the  repeated  blows,  and  thus  im- 
pact testing  employing  a  repetition  of  blows  is  little  better  than  a 
bending  test.  Steels  appearing  non-fragile  by  the  first  method  would 
appear  fragile  when  subjected  to  a  single  drop  of  a  hammer  just 
sufficient  to  break  the  bar. 

As  the  shock  test  varies  with  the  speed  of  impact  and  the  deforma- 
tions become  smaller,  the  fragility  slightly  shown  in  the  bending 
test  will  appear  in  its  true  form  in  the  impact  test. 

The  rate  of  molecular  transmission  of  force  through  a  steel  may 
be  one  way  of  defining  this  fragility.  It  is  also  a  fact  that  for  the 
same  steel  this  rate  approaches  a  limit  independent  of  the  speed  of 
impact  when  twice  that  sufficient  to  rupture  the  specimen. 

Knowing  the  desirability  for  an  accurate  and  easy  means  for  shock 
testing,  Mr.  Fremont  presented  a  comnmnication  to  the  Academy 
of  Science  in  1897  proposing  a  method  of  registering  the  amount  of 
work  required  to  produce  rupture  by  this  means. 

As  the  speed  of  impact  is  a  great  factor,  it  is  necessary  to  make 
the  speed  of  the  hammer  sufficiently  great  to  rupture  the  specimen 
with  one  blow,  whatever  the  quaUty  of  the  metal.  If  a  steel  then 
proves  non-fragile  to  a  drop  of  this  kind,  it  has  been  proven  non- 
fragile  to  the  test  of  a  cannon.  To  determine  the  amount  of  work 
absorbed  to  produce  this  rupture,  it  is  necessary  to  measure  the 
residual  work  that  is  possessed  by  the  hammer  after  rupture  of  the 
specimen.  After  numerous  tests  by  shock  Mr.  Fremont  finished  a 
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machine  embodying  principles  by  which  this  residual  force  could  be 
measured.  First,  ** crushers"  were  employed  from  which  the  residual 
force  in  the  hammer  could  be  measured  from  their  known  compres- 
sion; this,  ho^Tver,  was  not  very  practical,  and  so  in  the  commercial 
machine  a  set  of  springs  is  used  to  measure  this  residual  force. 


V 


Fio. 


The  machine  as  built  to-day  is  shown  in  Fig.  7.  This  figure 
represents  the  lower  portion  of  the  machine.  The  design  is  made 
double:  i.  p.,  it  is  arranged  so  that  two  may  operate  on  the  same 
machine  at  the  same  time.  The  base  of  the  machine  is  composed 
of  two  parts  connected  by  bolts.     Between  them,  and  held  tightly 
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by  them,  is  a  central  I-beam  marked  I.  This  carries  six  cast-iron 
supports,  at  interval,  to  which  are  bolted  the  four  rolled  steel  guides 
marked  G.  Two  anvils  are  bolted  on  opposite  sides  of  the  base,  the 
whole  weighing  more  than  1500  lbs.  The  weights  of  the  hammers 
Are  20  and  30  lbs.,  or  about  y^  the  total  weight  of  the  machine.  The 
anvils  marked  A  contain  in  front  and  in  back  of  the  matrix  vertical 
cylindrical  holes  serving  for  the  lodgment  of  two  springs.  A  cap  of 
hard  steel  is  placed  directly  over  them.  It  is  this  cap  or  platform 
which  receives  the  hammer  after  the  rupture  of  the  specimen. 

The  hammer  compresses  the  springs  and  the  space  traversed  by 
them  is  then  measured.  As  the  springs  rebound  after  the  blow,  it 
violently  repelfe  the  cap,  and  so  to  offset  this  new  shock  the  cap  is 
held  by  two  small  springs,  one  of  which  is  visible  on  the  front  of  the 
anvil  at  K.  These  springs  thus  serve  merely  as  a  deadener  to  the 
cap  when  rebounding. 

On  each  side  of  the  base  and  to  the  right  of  the  operator  is  a  wind- 
lass marked  W,  by  which  the  hammer  is  easily  and  quickly  raised. 
A  ratchet  and  lever  placed  at  P  prevent  the  downward  motion  of 
the  hanmier  when  placing  the  specimen  in  position. 

Each  hammer  has  inserted  at  its  lower  extremity  a  hardened  steel 
punching  tool,  as  at  M.  A  gripping  device  at  N,  holds  the  hammer 
to  the  pulling  cord  until  automatically  released  at  the  top  of  the 
machine. 

To  operate  the  machine  we  first  raise  the  weight  enough  to  allow 
room  to  place  the  specimen  in  position,  notch  side  down,  with  notch 
directly  in  the  center  of  the  die.  Then  we  turn  the  windlass,  raising 
the  weight  to  the  top,  where  it  is  automatically  released,  and  falling, 
breaks  the  specimen,  which  in  turn  falls  through  the  die  into  the 
pocket  at  the  side  of  the  machine.  Having  broken  the  specimen,  it  is 
necessary  to  measure  the  work  required  to  cause  the  rupture.  The 
cap  covering  the  springs  pushes  dowTi  a  light  steel  tube  at  F,  which 
is  held  by  friction  so  as  to  give  an  accurate  measurement  of  the  de- 
flection of  the  springs.  This  deflection  is  further  multiplied  by  the 
aid  of  the  instrument  shown  at  Z. 

To  calibrate  the  machine  the  hammers  are  raised  through  succes- 
sively increasing  intervals  of  height  and  dropped  on  the  platen  cover-* 
ing  the  springs.  Corresponding  marks  are  placed  on  the  card  of  the 
instrument,  as  shown.  Thus,  the  machine  can  readily  be  calibrated 
at  any  time  with  about  ten  minutes'  work. 

Let  us  now  summarize  the  advantage  obtained  by  this  method 
and  machine. 
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1.  The  method,  by  using  small  specimens,  reduces  the  cost  of  test 
pieces  and  their  preparation,  thereby  furthering  the  great  production 
of  tests  and  thus  aiding  in  establishing  a  standard  homogeneity  test. 

2.  The  small  specimen  permits  of  testing  thin  plates,  both  with 
and  across  the  rolling,  as  well  as  the  possibility  of  testing  parings, 
or  clippings  from  actual  material  used,  or  those  nearest  to  any  section 
subjected  to  the  greatest  known  stress. 

3.  The  machine  affords  an  accurate  method  of  measuring  the  work 
necessary  to  produce  rupture  under  standard  conditions,  always 
maintaining  the  same  speed  of  impact.  The  machine  as  manufac- 
tured in  this  country  will  have  a  standard  drop  of  13  feet  with  ham- 
mers weighing  20  and  30  lbs.,  as  these  are  the  nearest  English  units 
to  that  used  in  the  metric  system. 

The  specimen  will  be  J  inch  wide,  y^^  inch  thick,  and  IJ  inches 
long,  with  a  saw-cut  ^^  inch  deep.  The  die  is  |f  inch  wide.  The 
machine  can  be  shifted  from  the  one  standard  to  the  other  with- 
out any  material  change.  The  specimens  may  be  prepared  either 
by  hand  or  in  quantity,  by  a  small  machine  constructed  for  the 
purpose. 

To  determine  the  influence  of  the  dimensions  of  the  notch  on  the 
results  of  the  tests  Mr.  Fremont  made  three  series  of  tests;  first, 
with  depth  equal  to  the  width;  second,  width  equal  to  twice  the 
depth;  third,  depth  equal  to  twice  the  width.  In  the  bending 
test  he  found  that  double  the  width  required  the  same  maximum 
force  to  commence  the  rupture,  but  required  more  work  to  complete 
the  same.  Double  the  depth  required  less  force  to  commence  the 
rupture. 

Making  these  same  tests  by  the  drop  of  the  hammer,  Mr.  Fremont 
found  that  a  small  variation  in  width  was  not  discernible  and  only 
the  case  of  double  the  depth  created  a  difference  in  the  results.  The 
more  fragile  the  steel,  the  less  important  would  be  a  small  variation 
in  the  size  of  the  notch.  Some  results  obtained  by  the  Fremont 
drop  test,  compared  with  the  other  forms  of  testing,  were  tabulated 
by  Mr.  Fremont  as  shown  in  the  accompanying  tables.  The  upper 
table  beginning  from  the  left,  gives  the  results  of  the  tension  test, 
bending  test,  and  shock  test,  with  notch  made  both  with  a  hacksaw 
and  with  a  milling  cutter.  The  lower  table  is  that  of  some  non- 
fragile  steels,  showing  the  tension  test  to  the  left,  with  the  percent- 
age of  elongation  and  the  average  maximum  and  minimum  work 
recjuired  to  cause  rupture  by  shock.  From  these  results  it  is  readily 
seen  how  fragile  some  steels  are  to  shocks,  while  differing  but  little 
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in   the  tension  test,  while  steels  passing  the  bending  test  also  fail 
when  subjected  to  the  drop  test. 
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Fig.  8  represents  a  section  of  a  rail  showing  the  method  of  cutting 
out  P'remont  specimens  from  the  entire  section.  Thus,  any  rolled 
form  can  readily  be  tested  to  determine  the  effect  of  the  rolling  on 
any  portion  of  it.  The  rail  after  the  test,  appears  as  shown  in  Fig. 
9,  the  pieces  bent  having  been  subjected  to  the  bending  test,  while 
those  appearing  broken  abruptly  were  tested  by  shock. 

The  Fremont  method  and  machine  received  the  gold  medal  at  the 
Paris  Exposition  in  1900  and  were  discussed  at  the  International 
Testing  Congress  in  session  at  that  time. 


DISCISSION. 

J.\MES  Christie. — It  has  long  been  believed  by  many  inspectors  that  the 
ordinary  tension  test  does  not  always  disclose  the  fragility  of  defective  steel. 
Instances  are  kno^Ti  where  untrustworthy  material  has  behaved  in  a  satisfactory 
maimer  under  tensile  test.  It  has  been  asserted  that  this  faulty  material  would 
show  insufficient  ductility  if  submitted  to  impact  tests. 

It  is  true  that  the  experiments  of  Prof.  Hatt  at  Purdue  I'niversity  showed 
satisfactory  ductility  under  impact,  but  this  might  not  have  occurred  with  de- 
fective material.  When  the  falling  weight  or  height  of  fall  is  varied  in  drop  tests, 
it  is  inconvenient  and  difficult  to  establish  any  exact  comparison,  under  these 
varying  conditions,  but  the  Fremont  method  of  maintaining  a  constant  weight 
and  height  of  fall,  and  measuring  the  residual  energy  of  the  drop  after  fracture  of 
the  specimen  is  interesting  and  promising. 

The  President. — Would  tlie  depth  of  the  saw-cut  in  the  sample  make  con- 
siderable difference? 

T.  Y.  Olsen. — Yes ;  slight  variations  in  the  depth  will  make  slight  differences 
in  results,  the  difference  being  more  noticeable  on  better  material.  This  was 
explained  in  the  latter  part  of  the  paper  by  Mr.  Fremont's  experiments  on  that 
particular  point  in  question. 

The  President. — Suppose  some  spe<*imens  turned  out  to  be  very  good  in 
testing  them  with  this  machine,  for  what  purpose  would  such  steel  be  most  useful? 
In  other  words,  jast  what  good  qualities  would  such  a  test  show? 

Mr.  Olsen. — I  think  if  a  steel  would  answer  the  Fremont  test  it  would  be 
the  .steel  for  any  class  of  work,  or  any  purpose.  A  steel  should  \ye  tough.  A 
steel  can  be  hard,  still  not  fragile.  All  machine  tools,  cutting  tooLs,  or  structures 
are  some  time  or  otlier  subjected  to  shocks  or  intermittent  stresses.  Mr.  Fre- 
mont took  rails  or  boiler  plates  as  examples ;  he  also  matle  tests  on  some  conduits 
and  on  steel  bars  for  structural  work,  which  broke,  due  to  their  fragility,  thereby 
caasing  great  damage.  Accidents  of  this  nature  influenced  Mr.  Fremont  to 
continue  his  great  research  work  along  this  line. 

The  President. — Boiler  plates  are  not  subjected  to  sudden  blows  like  a  rail. 

Mr.  Olsen. — I  do  not  know  exactly  what  occurs  in  the  boiler  to  cause  the 
explosion  which  fractures  the  plates.  Since  so  many  boilers  fail  through  frac- 
tured plates,  it  is  plausible  that  some  shocks  or  equivalent  must  occur.  The 
great  variations  in  the  preasure  and  temperature  stresses  alone  might  be  termed 
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a  repeated  stress  and  as  damaging  to  a  steel  as  a  sudden  heavy  blow,  causing 
the  rupture  just  as  surely,  only  in  a  greater  length  of  time. 

The  President. — The  difference  in  the  rapidity  of  the  applied  force  is  shown 
by  an  experiment  which  is  familiar  to  aU,  and  I  therefore  mention  it  here.  In 
a  material  like  pitch,  for  instance,  it  is  well  kno\^Ti  that  you  can  take  a  piece  and 
pull  it  out  slowly  into  threads,  it  will  be  so  very  elastic;  yet,  when  suddenly 
struck  with  a  blow  it  will  splinter  like  glass.  It  is  not  unreasonable  to  suppose 
that  iron  and  steel  may  have  this  same  quality,  only  to  a  different  degree ;  and 
it  seems  as  though  the  experiments  described  in  the  paper  show  this  to  be  the 
case.  Would  not  the  relative  results  between  a  number  of  specimens  be  quite 
diiferent,  depending  upon  the  height  from  which  the  weight  is  dropp)ed?  In  other 
words,  if  one  i>erson  had  a  macliine  in  which  the  drop  is  thirteen  feet,  as  I  believe 
it  is  in  this  machine,  and  he  tested  a  lot  of  materials  and  arranged  them  in  their 
order  of  merit;  then  if  another  person  used  a  machine  in  which  the  drop  was 
perhaps  twice  as  great,  would  not  the  relative  order  of  those  same  specimens 
turn  out  differently  in  the  second  case  than  in  the  first,  because  the  rapidity  of 
the  blow  is  quite  different? 

Mr.  Olsen. — The  height  is  to  be  kept  a  constant.  That  is  one  of  the  essen- 
tial points  of  this  metliod.  Mr.  Fremont  made  some  experiments,  and  found 
that,  if  the  height  of  fall  were  possibly  twice  or  more  times  as  great  as  that  necee- 
sarj^  to  produce  rupture  of  tlie  specimens,  a  further  increase  in  height  would  not 
vary  the  results  of  the  test.  A  limit  seemed  to  be  reached  where  the  rate  of 
transmission  of  the  forces  through  the  molecules  would  not  change.  Thus,  in 
the  example  before  mentioned,  since  the  height  of  fall  in  this  machine  was  ex- 
perimentally determined  as  l>eyond  the  limit  in  question,  a  height  three  or  four 
times  as  great  would  not  change  the  results  of  the  test ;  but  a  great  decrease  in 
height,  on  the  other  hand,  would  make  considerable  variation. 

The  President. — In  either  case  the  specimen  must  be  broken? 

Mr.  Olsen. — The  specimen  is  broken  in  every  case.  The  machine  is  provided 
with  two  sizes  of  hammers,  so  that  if  the  hammer  on  the  one  side  is  insufficient 
to  cause  rupture,  the  other  is  resorted  to.  The  speed  of  the  two  hanuners  is  prac- 
tically the  same,  but  slightly  greater  for  the  heavier  hammer.  Beyond  the  limit 
Ijefore  mentioned,  the  results,  as  obtained  with  either  hammer,  should  be  the 
same. 

To  calibrate  the  machine  I  mea.sured  the  column  off  in  feet  and  raising  the 
hammer  let  it  drop  successively  from  the  heights  so  marked  off,  inscribing  a  mark 
on  the  dial  plate  of  the  instrument  after  each  fall.  This  marking  was  verified 
by  dropping  the  hammer  from  the  same  height  several  times  and  noting  that 
the  mark  came  to  the  identical  place  each  time. 

The  needle  on  the  instrument  is  not  in  contact  with  the  moving  parts  of  the 
machine  during  the  test.  After  the  test  Ls  completed  the  needle  is  moved  until 
its  lower  extremity  makes  contact  with  the  tube  compressed  by  the  platen  cover- 
ing the  springs;  thus  tliere  is  no  inertia  to  be  considered  as  regards  the  action  of 
this  pointer  during  the  test.  The  pointer  is  so  constructed  that  it  falls  away 
from  the  tube  and  is  only  m  contact  with  the  tube  when  held  so  by  hand  for  the 
purpose  of  mea-surement. 

George  M.  Sinclair. — Have  you  tried  materials  other  than  ordinarj'  carbon 
steels?     For  example,  have  you  tried  nickel  steel?     It  would  seem  that  either 
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the  height  of  fall  or  the  weight  of  the  falling  part  would  have  to  be  varied  to  give 
the  machine  a  wide  range  over  materials  of  various  kinds.  In  ordinary  testing 
"we  ignore  heating  of  the  bar.  I  can  recall -one  case,  however,  where  a  serious 
eflfort  was  made  to  take  into  consideration  the  temperature  of  the  bar  at  breaking. 
Speaking  from  memory,  I  should  say  that  this  was  some  time  between  1870  and 
1880,  when  Professor  Thurston  undertook  an  extended  investigation  into  the 
physical  qualities  of  steel  for  the  United  States  Government,  and  Mr.  William 
Kent  made  many  of  the  experiments.  One  series  was  made  with  a  freezing  mix- 
ture applied  to  the  bars  to  determine  the  effect  of  low  temperature.  The  control 
of  the  temperature,  however,  was  very  imperfect  and  the  bars  were  quite  warm 
after  breaking.  The  impact  machine  under  consideration  should  add  consider- 
ably to  our  knowledge  of  the  effect  of  temperature  on  steel. 

For  testing  a  wide  range  of  material  it  would  seem  to  be  necessarj-  to  vary  the 
falling  weight  if  the  height  through  which  it  drops  is  mamtained  constant. 
Perhaps  eventually  each  material  will  be  tested  by  a  specific  weight  and 
height  adopted  as  standard  for  that  material.  The  use  of  springs  suggests 
trouble,  and  it  would  seem  desirable  to  be  able  to  change  them  readily  and  also 
to  calibrate  them  frequently.  I  presume  they  can  be  tested  in  position  by  drojj- 
ping  the  hammer  directly  on  them  through  known  heights,  say  at  every  foot  of 
height.  With  springs  which  are  known  to  be  correct,  on  the  other  hand,  the  read- 
me of  the  registering  apparatus  can  be  calibrated.  I  should  like  to  inquire  how 
close  you  can  read, — that  is,  the  sensitiveness  of  the  machine,  and  also  its  accu- 
racy. 

Mr.  Olsex. — Mr.  Fremont  claims  an  accuracy  of  between  IJ  and  3  per  cent. 
As  far  as  calibrating  goes,  that  is  very  easy.  All  you  have  to  do  is  to  raise  the 
weight  to  different  heights.  You  can  do  that  in  five  or  ten  minutes*  work.  You 
ought  to  be  able  to  make  a  good  many  tests. 
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/  NOTE  ON  THE  SUMMATION  OF  STRESSES  IN  CERTAIN 

J  STRUCTURES. 

CARL   HERIKG. 
Read  December  17,  190L 

At  a  recent  meeting  of  this  Club  a  question  arose  ineidentaily 
concerning  the  variations  in  stress  in  a  member  of  a  meehanioal 
structure  under  certain  conditions.  The  animated  discussion  to 
which  it  gave  rise  showed  that  opinions  differed  quite  decidedly 
and  were  firmly  held.  As  the  case  is  one  which  occurs  frequently 
in  practice,  and  as  incorrect  and  incomplete  solutions  are  published 
in  some  text-books  and  appear  to  be  used  not  infrequently  in  prac- 
tice, the  writer  thought  the  matter  to  be  of  sufficient  importance  to 
warrant  making  a  complete  analytical  investigation  of  it. 

The  problem,  which  occurs  in  practice  in  many  different  fomis, 
may  be  represented  in  its  simplest  form  by  the  following  illustration. 
Let  A  and  A,  Fig.  1,  be  two  tension  members  held  together  by  a 
bolt,  B,  which  is  put  under  permanent  initial  tension  by  having 
its  nut  screwed  down  tightly.  If  under  these  circumstances  a  ten- 
sion is  applied  to  the  member  A,  A  as  a  whole,  the  question  is:  is 
this  tension  added  to  that  already  existing  in  the  holt.  In  other  words, 
must  the  bolt  be  made  strong  enough  to  withstand  the  sum  of  the 
two  strains.  The  bolts  securing  the  cylinder  head  of  a  steam  en- 
gine, or  the  bands  around  a  wooden  stave  pipe  for  high  water  pres- 
sure, are  fair  illustrations  of  this  problem  occurring  in  practice. 

One  of  the  reasons  why  differences  of  opinion  are  held  is  that  this 
apparently  simple  question  does  not  admit  of  being  answered  by  a 
mere  yes  or  no;  it  depends  on  the  conditions,  as  will  be  seen  in  the 
solution  given  below. 

Some  twenty-five  years  ago,  when  this  same  question  arose,  the 
writer  made  the  following  simple  experiment:  Referring  to  Fig.  2, 
rt,  6,  c,  and  d  are  four  blocks  of  wood  held  together  by  an  ordinary- 
spring  scale,  S,  under  tension,  as  shown.  A  scale  pan,  P,  was  at- 
tached to  the  lower  block,  and  the  whole  system  was  suspended  as 
shown. 

In  this  apparatus  the  scale,  S,  represents  the  member  imder  ten- 
sion, and  corresponds  to  the  bolt,  B,  in  Fig.  1.     The  members  a  and 
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6  are  the  members  under  compression,  and  correspond  to  the  parts 
a  and  b  in  Fig.  1 ,  which  are  compressed  by  the  bolt.  Weights  placed 
in  the  scale  pan,  P,  represent  the  additional  and  variable  strains  or 
loads  applied  externally  to  the  system  as  a  whole. 

The  initial  tension  on  the  tension  member,  S,  was  adjusted  to  be 
10  lbs.,  as  shown  by  the  reading  of  the  scale;  hence  the  compression 
of  members  a  and  b  was  also  10  lbs.  Weights  were  then  placed  in 
the  scale  pan,  P,  one  pound  at  a  time,  and  it  was  found  that  for  all 
weights  less  than  the  initial  strain  of  10  lbs.  the  reading  of  the  scale 
remained  constant, — namely,  10  lbs.  This  showed  conclusively  that 
under  these  conditions  the  externally  applied  strain  was  not  added 


Fig,  a. 


Fig.  I. 


to  the  initial  strain  on  the  tension  member,  contrar\'  to  what  is  often 
claimed.  The  effect  of  the  weights  in  the  scale  pan  was  to  diminish 
the  compression  on  the  members  a  and  b  and  not  to  add  tension  to 
the  other.  With  10  lbs.  in  the  scale  pan,  the  compressive  strain  on 
a  and  b  was  released  entirely,  and  these  members  could  then  l>e  with- 
drawn without  changing  anything  in  the  system. 

When  the  weights  in  the  scale  pan  were  in  excess  of  the  initial  stress 
of  10  lbs.,  the  stress  on  the  tension  member,  8,  of  course  increased 
by  exactly  the  same  amount.  But  this  is  of  less  interest,  as  it  would 
in  most  cases  be  beyond  the  range  occurring  in  practice,  because  it 
means  a  leakage  in  such  cases  as  cylinder  heads,  wooden  stave  pipes, 
etc.,  mentioned  above. 
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This  experiment  therefore  clearly  proved  beyond  question  that, 
under  those  conditions  and  up  to  that  limit,  the  member  under  tension 
will  not  be  subjected  to  a  greater  tension  by  external  forces  than 
the  original  tension  applied  to  it  by  screwing  down  the  nuts  sufl5- 
ciently  to  prevent  leakage. 

During  the  above-mentioned  discussion  at  this  Club  it  was  stated 
that  the  elasticity  of  the  members  under  tension  and  compression 
would  modify  the  result.  The  \vriter  therefore  extended  this  inves- 
tigation to  include  the  eflFects  of  these  elasticities,  and  has  found 
the  following  results,  which  seem  to  form  a  complete  solution  of  the 
problem. 

It  was  found  by  \his  investigation  that  the  elasticities  effected 
the  results  very  greatly,  and  that  the  final  strain  on  the  tension 
member  varied  greatly  with  the  relative  elasticities  of  tension  and 
compression  of  the  two  members. 

The  curves  of  results  are  broken  linesj  and  therefore  a  graphical 
representation  is  preferable  to  an  algebraic  one,  besides  being  more 
comprehensive  and  less  liable  to  mislead.  They  are  shown  in  Fig.  3 
for  the  two  extreme,  limiting  cases  and  for  three  intermediate  values. 

The  first  limiting  case  is  when  the  elasticity  of  the  compressive 
member  is  supposed  to  be  zero  and  that  of  the  tension  member  is 
infinity,  or,  in  practice,  when  the  elasticity  of  tension  is  very  great 
as  compared  with  that  of  compression;  a  fly  wheel  whose  spokes 
are  under  initial  tension  due  to  shrinkage  might  belong  to  this  class. 
This  is  the  case  shown  in  Fig.  2,  and  has  already  been  discu^ed; 
the  spring  scale  was  very  elastic  and  the  blocks  quite  inelastic.  The 
beams  c  and  d  are,  for  simplicity,  considered  to  be  inelastic  and  there- 
fore eliminated,  as  in  most  problems  they  do  not  exist  and  when 
they  do  their  elasticity  may  be  considered  together  \iith  that  of  one 
of  the  essential  members. 

The  curve  for  this  case  is  the  broken  line  e-f-g  in  Fig.  3.  In  this 
curve  sheet  the  vertical  distances  represent  the  total  tensile  strains 
on  the  tension  member.  The  horizontal  distances  represent  the  ex- 
temally  applied  tensile  strains  or  loads,  such  as  the  steam  pressure 
in  a  steam  cylinder  or  the  water  pressure  in  a  wooden  stave  pipe. 
The  uiitial  tensile  strain — that  is,  when  there  is  no  external  strain — 
is  shown  by  the  horizontal  line  f-/,  and,  to  make  the  solution  a 
general  one,  this  strain  is  here  represented  by  unity. 

From  this  broken  line  e-f-g  it  will  be  seen  that,  as  external  loads 
are  added,  the  tensile  strain  remains  constant — that  is,  the  line  is 
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horizontal — up  to  a  point,  /,  when  the  external  strain  is  equal  to 
the  initial;  after  that,  the  tensile  strain  increases  pound  for  pound 
^th  the  external  load,  and  is  always  equal  to  it,  as  has  already  been 
shown  in  connection  with  Fig.  2. 

In  practice  this  case  arises  when  the  tension  member  has  a  small 
cross  section  and  is  relatively  long  and  elastic,  and  when  the  reverse 
is  the  case  with  the  compression  member. 

In  the  other  extreme  limiting  case  the  elasticity  of  compression 
is  supposed  to  be  inJ&nite  and  the  elasticity  of  tension  zero,  or,  in 
practice,  the  elasticity  of  tension  is  very  small  as  compared  with 
that  of  compression,  as,  for  instance  when  an  elastic  gasket  is  used 
under  a  cylinder  head.  This  case  is  represented  by  the  line  e-h.  In 
this  case  the  total  tensile  strain  increases  pound  for  pound,  with 
the  external  strain,  from  the  start,  and  it  is  always  equal  to  the  sum 
of  the  external  and  the  initial  strains. 

Such  a  case  might  be  represented  by  Fig.  4,  in  which  the  mem- 
bers under  compression,  a  and  b,  are  shown  as  extremely  elastic 
springs,  while  the  tension  member  is  a  relatively  inelastic  wire,  S. 
In  such  a  case  the  springs  may  be  considered  as  the  equivalents  of 
f)ermanent  weights,  W,  shown  in  dotted  lines,  because  the  force 
\^th  which  they  act  on  the  beam,  C,  is  always  constant  even  for  a 
slight  elongation  of  the  wire,  S.  When  thus  replaced  by  weights 
it  becomes  self-evident  that  the  strain  on  S  must  always  be  equal  to 
the  sum  of  the  initial  strains,  W  -f  W,  and  the  additional  weights,  P. 
In  practice  this  case  arises  when  the  tension  member  has  a  large 
cross  section  and  is  relatively  short  and  inelastic,  and  when  the  re- 
verse is  the  case  with  the  compression  member.  Perhaps  wooden 
stave  pipes  would  come  imder  this  case,  as  the  wet  wood  which  is 
under  compression  is  very  elastic  relatively  to  the  thick  steel  bands. 

The  results  imder  all  other  conditions  must,  of  course,  lie  between 
these  two  limits,  represented  by  the  curves  e-f-g  and  e-h.  They  are 
all  broken  lines  extending  from  the  point  e  to  the  line  f-g  and  then 
coinciding  with  the  latter.  They  are  here  drawn  for  three  inter- 
mediate cases,  thereby  clearly  showing  the  law  which  governs  all 
cases  and  enabling  correct  calculations  to  be  made  when  the  relative 
elasticities  are  known. 

When,  for  instance,  the  elasticity  of  the  tension  member  is  double 
that  of  the  one  imder  compression,  e-i-g  will  be  the  curve;  it  shows 
that  one-third  of  the  externally  applied  load  must  then  be  added 
to  the  initial  strain  of  the  tension  member,  up  to  the  point  t,  at  which 
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the  external  strain  is  one  and  a  half  times  the  mitial,  after  which  the 
total  tensile  strain  increases  as  the  external  load  does,  and  is  equal 
to  the  latter. 

When  the  elasticity  of  the  tension  and  compression  membeni  are 
equal,  the  curve  is  e-k-g,  which  shows  that  half  of  the  externally  ap- 
plied load  must  always  be  added  to  the  initial  strain  of  the  tension 
member.  The  turning  point,  k,  is  reached  when  the  external  load 
equals  twice  the  initial  strain. 

Lastly,  when  the  elasticity  of  the  tension  member  is  half  that  of 
the  compression  member ,•  e-l-g  is  the  curve;  two-thirds  of  the  ex- 
ternal load  must  then  be  added  to  the  initial  strain.  The  turning 
point,  ij  then  occurs  at  three  times  the  initial  strain. 

It  should  be  clearly  understood  that  by  the  elasticity  is  here  meant 
the  acttuil  elasticity  of  the  member  under  strain;  that  is,  the  actual 
amount  of  the  elongation  or  compression  when  under  the  particular 
stress,  and  not  the  coefficient  of  elasticity  per  unit  cross  section  and 
length.  A  member  made  of  a  very  elastic  material  might  be  so  large, 
or  the  force  acting  on  it  so  small,  that  the  actual  change  of  dimen- 
sion is  still  very  small. 

Referring  again  to  Pig.  3,  it  will  be  noticed  that  the  point*  at  which 
leakage  would  occur  in  a  case  like  a  cylinder  head  or  wooden  stave 
pipe,  are  the  turning  points  /,  V,  k,  /,  etc.,  all  of  which  are  on  the  45- 
degree  line.  This  point  is  therefore  the  more  remote,  the  greater  the 
compression  elasticity  and  the  less  the  tension  elasticity,  which  is 
self-evident.  The  line  representing  the  point  of  rupture  would  in 
this  diagram  be  a  horizontal  line  in  the  upper  part  of  it,  as  indicated 
by  the  dotted  line.  This  shows  that,  within  the  leakage  points,  the 
point  of  rupture  is  the  n.ore  remote,  the  less  the  compression  elasticity 
and  the  greater  the  tension  elasticity.  Or,  in  other  words,  exactly 
the  reverse  conditions  as  those  for  the  point  of  leakage. 
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Regular  Meeting,  October  1,  1904» — President  Cari  Hering  in  the  chair. 
Sixty-five  members  and  visitors  present. 

Mr.  Washington  Devereux  presented  a  paper  on  "Some  Causes  of  Fire." 

Regular  Meetinp,  October  IS,  1904. — President  Carl  Hering  in  the  chair. 
Sc^-pnty  members  and  visitors  present. 

Mr.  John  Birkinbine  presented  a  paper  on  "Some  Applications  of  Wooden 
Stave  Pipe." 

Regular  Meeting,  November  5,  1904. — President  Carl  Hering  in  the  chair. 
Eighty  members  and  visitors  present. 

The  death  of  Henry  I.  Snell,  active  member,  on  Oct.  20,  1904,  was  announced. 

Mr.  Geo.  S.  Webster,  Chairman  of  a  special  committee  of  the  Club  on  the  park 
movement  in  Philadelphia,  made  some  introductory  remarks  on  the  acquisition 
of  a  comprehensive  park  system  for  Philadelphia.  Mr.  Andrew  Wright  Crawford, 
Secretary  of  the  Organizations  Allied  for  the  Acquisition  of  a  Comprehensive 
Park  System  for  Philadelphia  and  Secretary  of  the  City  Parks  Association,  spoke 
of  the  recent  park  movement  throughout  the  countr}%  and  showed,  by  means  of 
lantern  slides,  what  other  cities  are  doing.  Mr.  Frank  Miles  Day,  Vice-President 
of  the  American  Institute  of  Architects,  showed  the  opportunities  for  the  acqui- 
sition of  parks  and  parkwa5^s  in  the  vicinity  of  certain  built-up  parts  of  the  City. 
Mr.  Leslie  W.  Miller,  Chairman  of  the  Allied  Organizations,  Secretary  of  the 
Fairmount  Park  Art  Association  and  Principal  of  the  School  of  Industrial  Arts, 
pointed  out  the  great  benefits  to  be  derived  from  the  proper  treatment  of  the 
Schuykill  water  front  within  the  City  limits. 

Business  Meeting,  November  19,  1904. — President  Carl  Hering  in  the  chair. 
Eighty  members  and  visitors  present. 

The  Nominating  Committee  presented  the  following  nominations  for  officers : 

For  President, Silas  G.  Comfort. 

For  Vice-President, George  N.  Leiper. 

{John  T.  Loomis. 
W.  P.  Dallett. 
Henry  H.  Quimbv. 

For  Secretary, Walter  L.  Webb.  * 

For  Treasurer, Geo.  T.  GwiUiam. 

The  special  Committee  on  the  Park  System  for  Philadelphia  offered  the  fol- 
lowing resolution,  which  was  adopted  by  the  Club: 

*' Resolved,  That  The  Engineet^'  Club  of  Philadelphia  co-ojjerate  with  the 
Organizations  Allied  for  the  Acquisition  of  a  Comprehensive  Park  System  for 
Philadelphia  and  lend  its  support  to  this  object." 

Mr.  E.  L.  Walker  (visitor)  presented  a  paper  on  "Electric  Drive." 

The  Tellers  reported  the  election  of  Messrs.  John  G.  Brown,  Wm.  McClellan, 
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John  C.  Parker  and  Oscar  Schmidt  to  active  membership,  and  Mr,  J.  A.  Duross 
to  associate  membership. 

Regular  Meeting,  December  3,  1904. — President  Carl  Hering  in  the  chair. 
Seventy  members  and  visitors  present. 

Mr.  Thorsten  Y.  Olsen  presented  a  paper  on  the  "  Fremont  Method  of  Deter- 
mining the  Fragility  of  Iron  and  Steel." 

Business  Meeting,  December  17,  1904. — President  Carl  Hering  in  the  chair. 
Eighty-five  members  and  visitors  present. 

Mr.  Jos.  B.  King  was  nominated  for  the  office  of  Vice-President. 

Mr.  Thos.  C.  McBride  presented  some  notes  on  the  Coolgardie  Water  Supply, 
and  Mr.  Carl  Hering  presented  a  **  Note  on  the  Summation  of  Stresses  in  Certain 
Structures." 
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REGUL.ut  Meeting,  October  15,  1904. — Present:  President  Carl  Hering, 
Vice-Presidents  Foster  and  McBride,  Directors  Loomis,  Leiper,  Bonner,  Davis, 
Devereux,  Eai*by,  the  Secretary,  and  the  Treasurer. 

The  Treasurer's  report  showed: 

Balance,  May  31st, $2111.34 

Receipts,  June,  July,  and  August, 561.75 

$2673.09 

Disbursements,  June,  July,  and  August, $1575.04 

Balance,  August  31st, $1098.05 

Balance,  August  31st, $1098.05 

Receipts,  September, 215.75 

$1313.80 

Disbursements,  September, 357.60 

Balance,  September  30,  1904, $956.20 

The  Librar>'  Committee  reported  that  all  books  in  the  library  had  been  cata- 
logued. It  was  resolved  that  the  Club  retain  twenty-five  copies  of  each  number 
of  the  "Proceedings"  published  prior  to  1901,  disposing  of  all  extra  copies  pub- 
ished  during  this  jwriod  at  five  cents  apiece. 

Recjular  Meeting,  Xoveml)er  19,  1904. — Present:  President  Carl  Hering. 
Vice-Presidents  Foster  and  McBride,  Directors  Loomis,  Leiper,  Davis,  Easby,  the 
Secret  ar\',  and  the  Treasurer. 
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The  Treasurer's  report  showed: 

Balance,  September  30,  1904, $956.20 

Receipts,  October, 499.75 

$1455.95 
Disbursements,  October, 414.03 

Balance,  October  31, 1904, $1041.92 

The  Library  Committee  submitted  a  letter  from  Past-President  Joseph  T. 
Richards,  accompan3ang  a  picture  of  the  Pennsylvania  Railroad  bridge  over  the 
Susquehanna  River  at  Rockville,  Pa.  The  Secretary  was  directed  to  thank*  Mr. 
Richards  on  behalf  of  the  Club. 

An  appropriation  of  $75.00  was  made  for  re-connecting  the  electric  wiring  of 
the  Club  House  by  a  permanent  connection. 

Regular  Meeting,  December  17,  1904. — Present:  President  Carl  Bering, 
Vice-Presidents  Foster  and  McBride,  Directors  Leiper,  Devereux,  Easby,  the 
Secretary,  and  the  Treasurer. 

The  Treasurer's  report  showed: 

Balance,  November  1, 1904, $1041.92 

Receipts,  November, 610.25 

$1652.17 
Disbursements,  November, 718.86 

Balance,  November  30, 1904, $933.31 

The  following  resignations  were  accepted :  Benj.  Adams,  W.  S.  Auchincloes, 
Chas.  Dunn,  Wm.  R.  Dunn,  Geo.  G.  Hood,  Percival  Roberts,  C.  E.  H.  Sudler. 
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From  J.  T.  Oaklet,  Commissioner,  Dbpt.  of  Water  Supply,  New  York. 
Report  of  the  Commission  on  Additional  Water  Supply  for  the  City  of  New 
York. 

From  Fairmount  Park  Art  Association,  PmLADELPHiA. 
Thirty-second  Annual  Report  of  the  Board  of  Trustees. 

From  Harvey  Linton,  City  Engineer,  Altoona,  Pa. 
Municipal  Manual,  City  of  Altoona,  1904-05. 

From  Emile  L.  Nueblino,  Supt.  and  Engineer,  Reading,  Pa. 
Thirty-ninth  Annual  Report  Board  of  Water  Commissioners. 

From  University  op  Illinois,  Urbana,  III. 
Bulletin  No.  1,  Engineering  Experiment  Station. 

From  University  of  Pennsylvania. 
Proceedings  of  Commencement,  June,  1904. 

From  G.  Henriksen,  Christiania,  Norway. 
The  Iron  Ore  Deposits  in  Sydvaranger,  Finmarken,  Norway,  and  Relative 
Geological  Problems,  1902. 

From  Derrick  Publishing  Company,  Oil  City,  Pa. 
Pure  Oil  Trust  vs.  Standard  Oil  Co.,  1899-1900. 

From  Peace  Association  of  Friends,  Philadelphia. 
Tolstoy's  Letter  on  the  Russo-Japanese  War,  1904. 

From  The  University  of  Texas  Mineral  Survey,  Austin,  Texas. 
Bulletin  No.  9,  November,  1904. 

From  the  Boston  Transit  Commission. 
Tenth  Annual  Report  of  the  Commission,  1904. 
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THE  ENGINEERS'  CLUB  OF  PHILADELPHIA, 

HouM,  No.  iiJJ  airard  Str«ct, 

PHILADELPHIA.  PA. 


ANNUAL  REPORT  OF  THE  BOARD  OF  DIRECTORS 
For  the  Fiscal  Year  1904 

January  7,  1906. 
To  The  Enoinsers'  Club  of  Philadelphia: 

In  compliance  with  the  requirements  of  the  By-Laws,  the  Board  of  Directors 
offers  the  following  report  for  the  year  ending  December  31,  1904. 

Eighteen  regular  meetings  of  the  Club  were  held,  at  which  the  maximimi 
attendance  was  155,  and  the  average  88.  The  increased  average  attendance  for 
1904  over  1903  is  about  4  members.  Ten  stated  and  2  special  meetings  of  the 
Board  of  Directors  were  held. 

Twenty-one  active,  6  jimior,  and  3  associate  members  were  elect^;  1  active 
and  1  associate  reinstated;    16  active  members  resigned;    10  active,  1  junior, 
and  1  associate  were  dropped  from  the  rolls;   15  jimior  members  were  trans- 
ferred to  the  active  list. 
The  record  of  deaths  is : 

E.  K.  Landis,  Active  Member,  died  January  15, 1904. 
E.  Percy  Teal,  Active  Member,  died  April  14, 1904. 
C.  P.  Weaver,  Associate  Member,  died  May  3, 1904. 
Wm.  H.  Naiunan,  Active  Member,  died  June  15, 1904. 
Henry  I.  Snell,  Active  Member,  died  October  20, 1904. 

1903.  1904. 

Cla9$.              Bendent.    NonrReaidenL  Total,  Rttident.  Non-Resident,  Total 

Honorary 2                5  7  2                  5  7 

Active 336            116  452  341              118  459 

Junior 16                4  20  8                  2  10 

Associate 18  18  20  20 

372  125  497  371  125  496 
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The  following  papers  have  been  presented : 

Concrete:  Its   Properties   and   Applications.    TopicaT  Dis- 
cussion. Edgar  Marburg,  Charles  M.  MiUs,  Henry  H.  Quimby . 
Address  of  Retiring  President.     Some  P^ly   Engineering 
Works  in  Pennsylvania.  Edwin  F.  Smith. 

Some  Notes  on  Burning  Bitiuninous  Coal. 

John  M.  Hartman. 


January  2d. 
January  16th. 
February  6th. 
February  20th. 
March  5th. 
March  19th. 
April  2d. 

April  16th. 
May  7th. 
May  21st. 


Reinforced  Concrete  in  Building  Construction. 

Emile  G.  Perrot. 


Conflagrations  in  Cities.    Topical  Discussion. 

Henry  Leffmann. 
Recent  Steam  Turbine  Developments. 

W.  L.  R.  Emmet. 
Failure  of  the  Oakford  Park  Dam  at  Jeannette,  Pa. 

Harrison  Souder. 
The  Lower  Roxborough  Preliminary  Filters. 

P.  J.  A.  Maignen. 
Sterilization  of  Water  by  Ozone. 

A.  Vosmaer. 
Recent  Sewer  Construction  by  the  City  of  Philadelphia. 

C.  H.  Ott. 
Individual  Operation  of  Machine  Tools  by  Electric  Motors. 

Charles  Day. 
June  4th.  Notes  on  the  Use  of  Lutes. 

S.  S.  Sadtler. 
Recent  Developments  in  the  Diesel  Engine. 

John  D.  Macphersoa. 
September  17th.    George  Washington,  Engineer. 

Henry  Leffmann. 
October  1st.  Some  Causes  of  Fires. 

Washington  Devereux. 
October  15th.        Use  of  Wooden  Stave  Pipes  for  Conduits. 

John  Birkinbine. 
November  5th.       Comprehensive  Park  System  for  Philadelphia. 

George  S.  Webster,  Andrew  Wright  Crawford, 

Frank  MUes  Day,  Leslie  W.  Miller. 

November  19th.     Modem  Electric  Drives. 

E.  L.  Walker. 
December  3d.         The  Fremont  Method  of  Determining  the  Fragility  of  Iron 
and  Steel.  Thorsten  Y.  Olsen. 

December  17th.      Notes  on  Coolgardie  Water  Supply. 

Thos.  C.  McBride. 
Note  on  the  Summation  of  Stresses  in  Certain  Structures. 

Carl  Hering. 
Notes  on  Stresses  in  Wooden  Stave  Pipes. 

Silas  G.  Comfort. 
Engineering  and  Other  Features  of  the  British  Occupation 
of  Philadelphia  in  1777  and  '78,  from  the  Joiimal  of  Cap- 
tain John  Montresor,  Chief  Engineer  of  America. 

John  C.  Trautwine,  Jr. 

Numerical  Illustrations  of  Principles  Involved  in  the  Wooden 

Stave  Pipe  Problem.  Walter  Loring  Webb. 
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Members  and  their  friends  visited  and  inspected  the  Lower  Roxborough 
Prehminary  Filters  on  April  16th,  as  arranged  by  the  Information  Committee. 

The  Library  Committee  reports  that  the  Library  has  been^comj^tely  re- 
classified and  indexed,  and  requests  that  the  members  of  the  Club  assist  in  the 
purchase  of  new  books  by  making  recommendations  to  the  Committee. 

An  electric  switch,  presented  by  Mr.  W.  M.  Webb,  was  placed  in  the  audito- 
rium. A  photograph  of  the  new  stone  bridge  of  the  Pennsylvania  Railroad  over 
the  Susquehanna  River  at  Rockville  was  presented  by  Mr.  Joseph  T.  Richards, 
Chief  Engineer,  Maintenance-of-Way,  Pennsylvania  Railroad  Company. 

The  furniture  and  fixtures  of  the  house  are  in  excellent  condition. 


FINANCIAL  STATEMENT. 


Receipt: 

Initiation  fees $160  00 

Ehies  for  years  previous  to 

1904 385  00 

I>ues  for  1904 4700  00 

$5235  00 
Ftom  other  sources: 

Proceedings 258  10 

Directory     and     adver- 
tisements          725  00 

Interest  and  incidentals .  87  22 

Dues  of  1904  prepaid  in 
1903 705  00 

Total $7010  32 


House  . 
Proceedings  . 
Directory  . . . 
Library  . . . . 
Information 

Office 

Salaries   . . . . 
Luncheons  . . 


Expenditure, 


Excess  of  receipts  over  ex- 
penditures   


$1770  87 

1360  90 

283  00 

102  16 

72  20 

585  27 

1830  00 

791  00 

$6795  40 

214  92 


Total $7010  32 


1903  dues  remaining  unpaid 

1904  "  '' 

1905  '*     prepaid  in  1904. 


Na  Expenditurea  tor  190L 

$40  00      House $2528  50 

555  00      Proceedings  and  Directory  .  660  80 

595  00      Library 102  16 

Informatiop 72  20 

Office 585  27 

Salaries 1830  00 


$5778  93 


Assets,  December  31, 1904. 

Furniture  and  fixtures,  as  per  appraisement  February  17, 

1900,  with  subsequent  additions $1947  26 

Library,  as  per  appraisement  February  10,  1900,  with  sub- 
sequent additions  (including  ten  complete  sets  of  Pro- 
ceedmgs  of  the  Club) 2360  56 

Total  furniture  and  hbrary 

U.  8.  Bond,  issue  of  1898  (par  $500),  market  value 

On  deposit,  bearing  interest  at  three  per  cent 

On  deposit,  bearing  interest  at  two  per  cent,  (including  $595  dues  for 
1905) ' 

The  Club  has  no  Liabilities. 


$4307  82 
522  50 
578  43 

839  09 
$6247  84 
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The  Board  congratulates  the  Club  on  the  further  increase  in  the  average 
attendance  at  the  meetings. 

Owing  to  the  congestion  in  the  Club  House  on  meeting  nights,  earnest  efforts, 
as  yet  imsuccessful,  are  being  made  to  find  more  commodious  quarters  which 
will  not  exceed  the  financial  abilities  of  the  Club.  Alterations  in  the  present 
Club  House  were  also  considered,  but  were  abandoned  owing  to  the  short-term 
lease. 

Respectfully  submitted, 

Carl  Hkring,  PresidenL 
J.  O.  Clarke,  Secretary. 


Report  of  the  Treasurer  for  the  Fiscal  Year  1904. 


Beeeiptt. 

Initiation  fees  (30) .  $150  00 

1890  dues 5  00 

1891  dues 5  00 

1902  dues 30  00 

1903  dues 345  00 

1904  dues 4700  00 

1905  dues 595  00 


Proceedings : 

Advertisements  . .  335  00 

Sales 105  60 

Reprints    152  50 


-$5830  00 


593  10 


1904  Directory 390  00 

Interest  on  deposits 38  85 

Interest  on  investment    15  00 

Telephone 8  12 

Billiards 15  05 

Lantern  slides   10  20 


Total  receipts $6900  32 

Cash  balance  Dec.  31,  1903. .   1312  60 


$8212  92 


BxpendUure: 

Salaries: 

Secretary $240  00 

Treasurer 60  00 

Clerk    960  00 

Janitor 570  00 


House: 

Rent $1150  48 

Coal 108  30 

Gas   and    electric 

light 107  07 

Ice   39  70 

Supplies   and   re- 
pairs    158  85 

Telephone 194  47 

Insurance    12  00 


-$1830  00 


1770  87 
.  585  27 
.  1360  90 
72  20 
.  102  16 
.  791  00 
.  283  00 

$6795  40 


CASH  BALANCE,  DEC.  81, 1904,  1417  52 


Office  expenses 

Proceedings^ 

Information  Committee 

Library   

Luncheons 

1904  Directory 


$8212  92 


Philadelphia,  January  4,  1905. 


Respectfully  submitted, 

Geo.  T.  Gwilliam,  Treasurer. 


We  have  examined  the  books  and  accounts  of  the  Treasurer,  compared  them 
with  the  original  vouchers,  checks,  and  bank  books,  and  foimd  th^n  to  corre- 
spond with  the  Treasurer's  statement  submitted  above. 

W.  P.  Dallbt,  \ 

H.  W.  Spanoler,  y  Auditors 

Rich'd  L.  Humphrey,  i 
January  14,  1905. 
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Von  Keller — Mercury  Vapor  Apparattcs,  125 

Mr.  Von  Keller. — Probably  the  glass  is  attacked  by  the  mercury. 

H.  Clyde  Snook. — How  long  do  the  lamps  run  before  they  have  to  be  re- 
newed? 

Mr.  Von  Keller. — There  is  no  definite  life  to  the  lamp  at  all.  We  have 
lamps  in  the  office  that  have  been  running  twelve  to  fifteen  thousand  hours 
showing  about  10  to  15  i>er  cent,  depreciation.  There  is  no  reason  why  the  lamp 
should  not  run  indefinitely.  I  think  the  way  incandescent  lamps  are  rated  is 
this:  you  call  the  life  the  number  of  hours  until  the  candle  power  has  dropped 
down  to  80  per  cent,  of  the  original  value.  According  to  that  you  can  rate  our 
lamps  at  one  thousand  hours.  Then  it  will  drop  down  20  per  cent,  with  some 
lamps.  On  others  it  will  not.  But  unless  the  lamp  be  smashed  or  cracked,  it 
will  run  indefinitely. 

Mr.  Snook. — What  happens  when  the  current  goes  through  the  lamp  in  the 
wrong  direction? 

Mr.  Von  Keller. — If  both  electrodes  were  mercury,  there  would  not  be  any 
reason  for  observing  a  polarity  on  the  lamp.  We  could  run  the  lamp  in  both 
directions.  But  you  will  notice  in  this  lamp  a  bright  spot  running  around  the 
surface  of  the  mercury.  That  is  the  spot  where  the  current  emerges  from  the 
mercury.  This  spot  is  concentrated  heat  and  iron  will  not  stand  it.  The  lamp 
will  run  in  the  wrong  direction  for  a  short  while,  but  the  positive  electrode  will 
soon  give  oflf  enough  gas  to  spoil  the  vacuum  and  to  make  running  impossible. 

Mr.  Schumann. — Is  the  reservoir  made  of  cast  iron? 

Mr.  Von  Keller. — No,  sir,  it  is  all  glass. 

Mr.  Klauder. — Can  that  principle  of  converter  be  used  to  make  an  alterna- 
ting current  lamp? 

Mr.  Von  Keller. — It  has  been  used.  The  alternating  current  lamp  gives 
a  very  steady  light.  The  induction  in  series  with  the  lamp  stores  and  supplies 
energy  enough  to  almost  entirely  smooth  out  the  fluctuations  of  the  current 
wave. 

Mr.  Klauder. — There  seems  to  be  a  little  pulsation  which  is  not  seen  in  the 
direct  current  lamp. 

Mr.  Von  Keller. — That  is  on  account  of  the  spot  dancing  around  on  the 
negative  electrode.     There  is  no  flickering  in  the  vapor. 

Mr.  Snook. — When  the  current  was  low,  it  seemed  to  flicker  a  little. 

Mr.  Von  Keller. — Yes,  when  the  current  is  low  there  is  enough  pulsation 
of  the  current,  due  to  the  negative  electrode,  to  be  perceptible  to  the  eye. 

Mr.  Snook. — Did  you  say  anything  about  the  energy  in  that  600  ampere  con- 
verter? 

Mr.  Von  Keller. — I  was  not  talking  about  a  600  ampere  converter;  I  was 
talking  about  the  switch.  In  your  switch  you  simply  have  to  conduct  the  cur- 
rent through  the  solid  mercury,  while  in  the  converter  you  have  a  different  loss 
— a  vapor  resistance  loss.  In  your  switch  you  have  only  your  ohmic  loss.  Con- 
verters have  operated  up  to  30  amperes. 

The  President. — How  can  you  get  600  amperes  through  the  glass? 

Mr.  Von  Keller. — We  had  platinum  plates  and  big  copper  pieces  soldered 
to  them. 

W.  C.  L.  Eolin.— Will  your  switch  break  600  amperes,  at  say  10,000  volts? 

Mr.  Von  Keller. — I  do  not  doubt  that  a  switch  can  be  built  which  will  open 
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Notwithstanding  the  apparent  wisdom  of  such  a  course,  there  is 
often  a  strong  tendency,  prompted  by  human  nature,  to  yield  to  the 
maxim  to  ''let  well  enough  alone."  It  is  sometimes  argued  that 
because  we  have  inherited  the  results  of  the  neglect  of  our  prede- 
cessors, we  should  pass  ours  on  to  our  successors,  w-hich  has  the  ad- 
vantage, at  least,  of  being  the  simplest,  easiest,  and  least  troublesome 
for  us.  The  old  maxim  that  we  should  not  cross  bridges  until  we  get 
to  them  is  often  improperly  extended  to  include  our  unconcern  as 
to  whether  the  bridges  are  there,  should  we  have  to  come  to  them, 
a  danger  which,  literally  taken,  appeals  perhaps  most  strongly  to 
military  engineers.  The  remark  of  a  certain  great  general,  "  In  times 
of  peace  prepare  for  war,''  w^ould  not  have  become  a  proverb  if  it 
did  not  express  an  important  maxim. 

The  unwritten  law  referred  to  applies  with  equal  and  perhaps  even 
greater  force  to  societies,  clubs,  and  similar  organizations.  It  is  when 
everything  appears  to  be  going  normally  that  the  careful  scrutiny  of 
the  management  is  apt  to  slacken.  It  is  then  that  the  seeds  of  future 
troubles  germinate  and  take  such  firm  root  unobserved  that  they 
become  very  difficult  to  eradicate  when  discovered,  while  if  they  had 
been  noticed  when  still  in  embryo,  their  growth  could  easily  have 
been  prevented.  Many  of  our  older  members  will  recall  that  the  life 
of  our  owTi  Club  was  in  great  jeopardy,  about  a  dozen  years  ago,  when 
it  passed  through  just  such  an  experience.  Ever^^thing  appeared  to 
be  going  normally,  and  w^e  were  supposed  to  have  several  thousands 
of  dollars  to  our  credit  and  to  be  prospering.  There  was,  therefore, 
no  concern  about  the  management,  and  scrutiny  slackened,  until  it 
was  suddenly  discovered  that  for  years  the  real  expenditures  had 
exceeded  the  real  income,  and  instead  of  our  having  several  thousands 
of  dollars  **to  the  good,"  we  were  greatly  in  debt.  An  examination 
showed  that  nearly  a  hundred  members  were  being  carried  on  the 
rolls  who  were  not  paying  dues,  some  having  resigned  years  before. 
It  w^as  only  through  the  hard  and  unselfish  labor  and  generous  financial 
assistance  of  a  few  members  who  had  the  welfare  of  the  Club  at  heart, 
that  the  organization  was  again  placed  on  a  self-supporting  basis 
several  years  thereafter.  No  one  will  deny  that  it  would  have  been 
far  less  trouble,  and  the  effect  on  the  Club  less  serious,  to  have  pre- 
vented this  crisis,  instead  of  repairing  the  damage  done  by  it. 

There  is  still  another  danger  in  **  letting  well  enough  alone."  In 
the  present  time  of  continued  progress,  if  an  organization  like  this 
Club  keeps  on  the  same  level,  it  is,  in  fact,  retrograding,  when  com- 
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pared,  as  it  must  be,  with  other  organizations  which  are  growing. 
More  is  expected  year  after  year,  and  if  it  is  not  provided,  members 
will  become  dissatisfied.  Progress  is,  therefore,  essential  to  normal 
gro\\1:h,  but  it  also  shares  the  quality  with  most  other  good  things — 
that  it  may  be  overdone.  Revolutionar}'  progress  is  apt  to  change 
the  complexion  of  a  society,  and  thereby  may  displease  those  who 
have  been  satisfied  with  the  past.  A  too  rapid,  forced  progress  by 
an  overambitious  administration  is  apt  to  be  followed  by  a  reaction, 
or  at  least  an  unfulfilled  expectation  that  it  should  continue  for  years, 
either  of  which  brings  disappointment  with  it. 

An  incoming  administration  in  our  Club  is  composed  of  nearly  50 
p>€r  cent,  of  new  officers,  and  therefore  has  not  the  advantage,  in 
entering  upon  its  duties,  of  a  thorough  knowledge  of  the  affairs  and 
of  the  working  machinery  of  the  management  of  the  Club,  and  has 
no  sooner  become  familiar  with  it,  and  is  better  able  to  direct,  when 
the  reins  are  passed  over  to  the  succeeding  administration,  which 
passes  through  a  similar  period  of  instruction. 

It,  therefore,  seemed  to  your  retiring  President  that  the  occasion 
of  this  address  on  leaving  the  chair  was  not  an  unfitting  one  to  review 
the  past  history  and  experience  of  this  Club,  which  is  now  enjoying 
a  period  of  prosperity;  to  call  attention  to  some  of  the  things  the 
past  seems  to  have  taught;  to  consider  what,  in  his  opinion,  are  the 
present  needs;  and  to  point  out  the  directions  in  which  further  prog- 
ress and  development  seem  to  be  desirable  and  possible,  basing  these 
suggestions  on  the  experiences  not  only  of  this  Club,  but  also  on 
those  gained  in  the  administration  of  kindred  associations  with  which 
your  President  has  been  connected.  The  prosperity  of  a  Club  like 
this  depends  greatly  on  the  interest  taken  in  it  by  its  members — on 
the  club  spirit.  It  was  thought  that  this  ver\'  desirable  spirit  might 
best  be  developed  by  acquainting  the  members  with  their  own  Club, 
and  it  is  hoped  that  the  object  sought  warrants  bringing  before  you  on 
this  occasion  matters  which  would  otherwise  be  devoid  of  interest, 
and  are  perhaps  more  in  the  nature  of  a  report  than  of  an  address. 

To  appreciate  the  lessons  taught  by  the  past,  to  avoid  a  repetition 
of  mistakes,  and  to  guide  us  in  finding  what  should  or  should  not  be 
done  in  directing  the  affairs  of  the  Club  in  order  to  maintain  and 
increase  its  present  prosperity,  there  seems  no  better  method  than  to 
study  the  past  records  of  the  Club,  both  of  the  distant  and  of  the  near 
past,  though  chiefly  the  latter.  To  facilitate  doing  this,  the  accom- 
panying uniform  tables  and  curve  sheets  have  been  compiled  from 
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the  heterogeneous  and  scattered  published  records,  from  its  birth  to 
the  present  time,  showing  in  very  condensed  and  comprehensive  form 
the  past  history  of  the  Club,  its  growth,  ita  successes,  and  its  failures, 
and  in  many  cases  the  reasons  therefor.  These  data  are  highly  instruc- 
tive, and,  in  the  opinion  of  the  writer,  should  have  been  compiled 
long  ago.  As  the  curves  are  more  comprehensive  than  the  tables, 
and,  it  may  be  said,  expose  the  hidden  secrets  of  tabulated  figures, 
let  us  examine  them  briefly,  leaving  the  tables  as  the  reference  record. 

In  general,  they  show  a  decided  wave  form,  alternate  rises  and  falls, 
which  seem  to  bear  out  the  contention  made  above  that,  during 
periods  of  prosperity  (or  perhaps  only  apparent  prosperity),  the  care 
and  scrutiny  which  gave  rise  to  it  is  apt  to  slacken,  resulting  in  a 
downward  tendency  which  is  not  noticed  until  it  becomes  very  ap- 
parent; another  energetic  effort  is  then  made,  economy  is  forced  upon 
us,  and  there  is  another  rise,  which  is  likely  to  be  again  followed  by 
a  further  fall.  It  \vill  hardly  be  denied,  however,  that,  aside  from  the 
interests  of  the  doctors,  it  is  better  to  keep  well  than  to  be  cured  of 
ills,  and  this  seems  equally  true  of  a  Club  like  ours.  It  is  claimed 
that  such  ups  and  downs  teach  us  lessons.  That  is  true,  but  is  not 
the  experience  of  others,  or  of  the  past,  cheaper  to  us  than  our  own 
or  that  of  the  present? 

But  in  spite  of  these  waves,  most  of  the  curves  show  a  ver>'  gratify- 
ing and  healthy  general  tendency  in  the  proper  direction ;  they  show 
that  the  Club  is  prospering  and  growing,  and  that  it  now  stands  on 
a  firm  financial  foundation;  they  also  show  that  these  waves  arc 
diminishing  in  amplitude. 

The  curve  of  membership  (Fig.  1 ;  see  also  Table  I)  shows  a  phe- 
nomenal increase  for  the  first  eleven  years  of  the  Club's  life,  reaching 
the  record  figure  512.  But,  unfortunately,  much  of  this  increase  was 
spurious,  and  even  worse.  The  Club  had  been  managed  almost 
entirely  by  one  man,  a  well-paid  and  well-meaning  official,  the  Board 
of  Directors  being  largely  a  mere  formal  body.  His  maxim  was  a 
large  membership  at  low  dues.  The  result  was  that  for  about  seven 
years  we  carried  on  our  list,  at  considerable  expense,  a  large  number 
of  "elected"  members  who  either  never  joined  or  were  in  arrears  for 
many  years  or  had  resigned  or  had  even  died,  yet  the  notices  and 
''Proceedings"  were  being  conscientiously  mailed  to  their  last  kno^n 
addresses. 

The  purging,  by  an  energetic  Board,  which  followed  the  discovery 
of  the  true  state  of  affairs,  was  a  severe  test  of  the  strength  of  the 
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Club.    The  phenomenal  increase  in  1884-85-86  was  to  a  considerable 
extent  counteracted  by  the  dropping  of  as  many  as  87  members  in 
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one  year — 1891.  A  subsequent  slackening  of  the  good  work  of  the 
energetic  Boards,  aided,  doubtless,  also  by  the  hard  times  of  the 
early  nineties,  resulted   in  a  still   further  decrease,  but  since  1896 
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the  upward  growth  has  been  a  steady  and  healthy  one,  nearly  reaching 
the  500  mark,  and  establishing  a  high-water  mark  of  real  members, 
that  of  1888  having  been  a  spurious  one.  The  present  membership, 
496,  is  well  above  the  average  of  400. 

Another  feature  of  note  is  the  almost  unbroken  rise  of  the  resident 
membership  since  1891,  while  the  non-resident  steadily  diminished, 
and  for  the  past  eight  years  has  remained  practically  constant.  This 
means  that  our  Club  is  growing  to  be  more  a  local  one,  which  may 
not  be  a  fault;  but  perhaps  it  also  indicates  that  our  "Proceedings'" 
lack  the  attractiveness  of  the  meetings.  The  resident  active  members 
now  number  about  70  per  cent,  of  the  total  membership. 

For  the  past  twelve  years  the  number  of  members  elected  annually 
has  been  fairly  steady,  averaging  40,  or  about  9  per  cent.,  as  compared 
with  46  for  the  whole  life  of  the  Club,  and  a  maximum  of  129  in  1884. 
The  exceptional  rise  during  1903.  namely  60,  was  unquestionably  due 
largely  to  our  memorable  anniversary^  banquet.  The  importance  of 
such  events  of  special  interest  in  making  the  Club  known  among 
engineers,  and  in  increasing  its  membership  and  attractiveness,  cannot 
be  emphasized  too  much.  It  would  undoubtedly  be  a  benefit  to  the 
Club  to  have  a  prominent  event  of  some  kind  each  year.  A  banquet 
now  and  then,  perhaps  tendered  to  some  prominent  non-resident 
engineer,  would  do  much  toward  bringing  the  Club  into  greater 
prominence,  and  ought  to  be  Uttle  or  no  expense  to  the  Club. 

We  have  held  several  functions  to  which  the  ladies  were  in\'ited, 
whereby  social  intercourse  was  encouraged.  These  meetings  were 
very  successful  and  might  to  advantage  be  held  more  frequently  than 
in  the  past. 

It  was  recently  suggested  by  one  of  our  prominent  members  that 
there  should  be  an  album  in  the  Club  containing  the  photographs  of 
the  members.  This  would  be  ver\'  useful  in  man}-  ways,  besides  beinp 
interesting.  It  is  said  that  a  local  photographer  has  offered  to  make 
these  free  to  the  Club,  an  offer  that  seems  to  be  worthy  of  consideration. 

It  seems  important  that  some  official  action  should  be  taken  to 
increase  the  number  of  new  members  in  order  to  replace  the  natural 
annual  loss  and  to  keep  the  membership  on  the  increase.  The  most 
effective  work  could  be  done  by  the  indi\4dual  members,  many  of 
whom  probably  have  a  colleague  or  friend  among  their  professional 
associates  who  would  be  eligible  to  membership,  and  would  join  the 
Club  if  his  attention  were  called  to  it.  A  special  committee  could  also 
do  effective  work.     The  standing  committee  on  membership  is  not 


Hering — Address  by  the  Retiring  President.  93 

the  one  to  do  this;  its  duty  is  to  pass  upon  the  eligibility  of  candi- 
dates, and  to  solicit  applications  would  be  to  anticipate  its  decisions 
on  eligibility. 

The  lists  of  members  of  the  national  engineering  societies  show  that 
there  are  many  who  reside  in  or  near  this  city,  but  are  not  yet  members 
of  this  Club.  Last  year  committees  were  appointed,  one  for  each 
national  society,  to  call  their  attention  to  the  advantages  offered  to 
local  engineers  by  this  Club,  but  the  desired  result  was  not  accom- 
plished. The  impression  should  not  be  allowed  to  arise  that  the  Club 
is  in  great  need  of  new  members,  as  this  is  not  the  case;  our  over- 
crowded meetings  point  rather  to  the  advisability,  before  long,  of 
establishing  a  waiting  list;  but,  like  in  all  other  similar  organizations, 
each  member  will  receive  greater  benefits  the  larger  the  membership. 
A  rapid  increase  would  hasten  the  securing  of  the  much-needed  larger 
and  more  commodious  home.  All  the  prominent  engineers  of  this 
district  should  belong  to  the  Club,  which  should  be  the  local  clearing- 
house for  their  papers  and  opinions.  This  Club  should  be  the  place 
where  all  the  important  engineering  work  in  this  neighborhood,  and 
especially  of  this  city,  should  be  first  described  and  discussed. 

The  small  number  of  non-resident  associate  members  has  diminished 
steadily,  and  for  the  last  few  years  we  have  had  none  at  all.  This 
seems  to  be  due  to  the  fact  that  the  dues  are  as  high  as  for  resident 
active  members.  It  would  seem  more  just  to  reduce  them  to  those 
of  the  other  non-resident  members,  namely,  $5;  in  fact,  this  seems 
imperative  if  we  wish  to  keep  up  this  class  of  membership. 

The  number  of  resignations  has  kept  fairly  steady  for  the  last  nine 
years — at  17  to  18,  which  is  only  4  per  cent.  The  number  dropped 
has  varied  but  little  from  nearly  8  annually  for  the  past  seven  years, 
amounting  to  less  than  2  per  cent.  The  average  total  annual  loss  for 
the  past  seven  years  is  29,  or  6.5  per  cent.,  as  compared  with  an  average 
gain  of  40,  or  9  per  cent.  For  the  whole  life  of  the  Club  the  average 
annual  loss  has  been  28,  as  compared  with  a  gain  of  46.  Of  all  the 
1250  members  elected  during  the  twenty-seven  years'  life  of  the  Club, 
almost  exactly  40  per  cent,  are  still  members,  showing  long  terms  of 
membership,  which  speaks  well  for  the  Club. 

It  is  an  interesting  feature  of  our  membership  that  relatively  many 
members,  namely,  79,  or  16  per  cent.,  of  our  present  list,  have  retained 
their  membership  continuously  for  twenty  years  or  more,  including 
even  4  of  the  original  19  who  founded  the  Club,  and  6  others,  making 
10,  who  were  virtually  its  organizers.    The  following  is  a  Hst  of  these; 
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it  was  compiled  with  the  thought  that  its  publication  might  encourage 
the  spirit  of  long  membership.  The  names  have  been  arranged  and 
numbered  in  the  order  of  their  date  of  election. 


List  of  Those  Who  Have   Been   Members  for  Over  Twenty 

Years. 


1.  BiLLiN,  Chas.   E.,  Dec.   17,   77, 

Chicago,  111. 
1.  Lbwi8,Wilfred,  Dec.  17,77,  Phila. 
1.  MucKLE,  Jr.,  M.  R.,  Dec.  17,  77, 

Phila. 

1.  Neilson,  Wm.  G.,  Dec.   17,  77, 

Phila. 

2.  Webster,  Geo.  S.,  Jan.  18,  78, 

Phila. 

3.  Hering,   Rudolph,   Feb.   2,   78, 
New  York  City. 


17.  Constable,   Stevenson,  Apr.   2, 
'81,  New  York  City. 

17.  Ludlow,    Edwin,    Apr.    2,    *81, 
Las  Esperanzas.  Mexico. 

18.  Dawson,  Edwin  F.,  May  21,  '81, 
Phila. 

18.  Luders,  H.  C,  May  21,  '81,  Phila. 

18.  Roberts,  Thos.  A.,  May  21,  '81, 
Renovo,  Penna. 

19.  Geer,  H.  M.,  June  18,  '81,  Ballston 
Spa,N.Y. 

3.  Lehman,  A.  E.,  Feb.  2,  78,  Phila.      20.  Smith.   Edwin  F.,  June  28,  '81, 
3.  Morris,  Henry  G.,  Feb.  2,  '78,  Phila. 

Phila.  21.  Cass  ATT,    A.    J.,    Nov.    19,    '81, 

Phila. 

21.  Paddock,    F.    L.,    Nov.    19,    '81, 
Bryn  Mawr,  Pa. 

22.  Clement,  F.  H.,  Jan.  14,  '82,  New 
York  City. 

22.  deMagalhaes,  A.  C,  Jan.  14,  '82, 

Phila. 
22.  Hering,  Carl,  Jan.  14,  '82.  Phila. 
22.  Janvier,  Thos.  G.,  Jan.   14,  '82, 

Lansdo^iTie,  Pa. 


3.  PoTTS,  Wm.  M.,  Feb.  2,  '78,  Wye- 
brooke,  Pa. 

3.  Staupfer,  D.  McN.,  Feb.  2,  '78, 

New  York  City. 

4.  Warren,  B.  F.,  Feb.  16,  '78,  New 

York  City. 
6.  Cooper.    Wm.    A..    Mar.    2,    '78, 
Conshohocken,  ra. 

6.  Haupt,  H.,  Apr.  6,  '78,  Washmg- 

ton,  D.  C.  ^^.^^^^^  .  „. 

7.  TowNSEND,   J.    W.,    Oct.    5,    '78,      23.  Derbyshire  Wm.  H.,  May  6,  '82, 


PhUa. 
8.  CoDMAN,  John   E.,  Jan.   18,   '79, 

PhUa. 
8.  Cramp,  Chas.    H.,   Jan.    18,   '79, 

Phila. 

8.  Wharton,  W.  Rodman,  Jan.  18, 

'79,  PhUa. 

9.  Gest,  Alex.  P.,  Mar.  1,  '79,  Lam- 

bert \nlle,  X.  J. 
9.  Sheafer,  Arthur  W.,  Mar.  1,  '79, 
Pott.sville,  Pa. 

10.  Edwards,  J.  Warner,  Oct.  4,  *79, 

Aspen,  Col. 

11.  Chance,  H.  M.,  Dec.  6,  '79,  Phila. 

12.  Osborne,  John  G.,  May   1,  '80, 

Radford,  Va. 

13.  Reeves,  David,  Oct.  2,  '80,  Phila. 

13.  Smith,  T.  Carpenter,  Oct.  2,  '80, 

Phila. 

14.  Hoopes,   John  J.,   Oct.    16,   '80, 

Greenville,  Miss. 

14.  Kneass,  Strickland  L.,  Oct.  16, 

'80,  Phila. 

15.  Johnson,  Jos.,  Dec.  4,  '80,  Phila. 

16.  Ehlers,  Peter,  Mar.  5,  '81,  Phila. 


Chambersburg,  Pa. 
23.  Gray,  Wm.  J.,  May  6,  '82,  Phila. 
23.  Jones,  Washington,  May  6,  '82, 

Phila. 
23.  Rea,  Sam'l,  May  6,  '82,  Phila. 

23.  Wetherill    W.  C.,  May  6,  '82, 

Denver,  Col. 

24.  Fuller,  Allen  J.,  July   1,   '82, 

PhUa. 

25.  GwiLLiAM,  Geo.  T.,  Dec.  2,  '82, 

Phila. 

26.  HiTCHiNSON,   Edwd.  S.,  Apr.  7, 

'83,  Newtown,  Pa. 

26.  Little,  J.  Kat,  Apr.  7,  '83,  Phila. 

27.  Spanoler,    H.    W.,    Dec.    1,    '83, 

Phila. 

28.  Cressox,  Geo.  V.,  Jan.   12,  '84, 

PhUa. 
28.  Hartley,  Henry  J.,  Jan.  12,  '84, 

PhUa. 
28.  Linton,    Harvey,   Jan.    12,    '84, 

Altoona,  Pa. 
28.  Ott,  C.  H.,  Jan.  12,  '84,  PhUa. 
28.  Trautwine,  John  C.,  Jr.,  Jan.  12, 

'84,  PhUa. 
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29.  Christie,    James,    Mar.    15,    '84,  32.  Chamberlain,   E.,  June  21,  '84, 

Pencoyd,  Pa.  NomstowTi,  Pa. 

29.  Lesley,  R.  W.,  Mar.  15,  '84,  Phila.  32.  Dechant,  Wm.  H.,  June  21,  '84, 

29.  McKee     Jos.    J.,    Mar.    15,    '84,  Reading,  Pa. 

Bethlehem,  Pa.  32.  Robinson,  Wm.  H.,  June  21,  '84, 

29.  Rowbottom,  James,  Mar.  15,  '84,  Phila. 

Newport  News,  Va.  32.  Sanne,     Oscar,     June     21,     '84, 

29.  Wharton,  Wm.,  Jr.,  Mar.  15,  '84,  Chicago,  111. 

Phila.  33.  Birkinbine,   John,    Oct.    4,    '84, 

30.  Hunter,  W.,  Apr.  19,  '84,  Phila.  PhUa. 

30.  Luders,  Theo.  H.,  Apr.  19,  '84,  33.  Hutchinson,  J.   B.,  Oct.  4,  '84, 

Phila.  Phila. 

30.  Marshall,   Sam'l.    R.,    Apr.    19,  33.  Riegner,  W.  B.,  Oct.  4,  '84,  Phila. 

'84,  Phila.  34.  Hill,    Frank    A.,    Nov.    1,    '84, 

30.  Nute,    John    W.,    Apr.    19,    '84,  Roanoke,  Va. 


St.  Louis,  Mo. 
31.  Converse,  John  H.,  May  17,  '84, 

PhUa. 
31.  Henszey,  Wm.   P.,  May   17,   '84, 

Phila. 
31.  Stevenson,  A.  A.,  May  17,  '84, 

Bumham,  Pa. 


34.  McCallum,  W.   H.,  Nov.   1,  '84, 
Phila. 

34.  Wiley,  Wm.  H.,  Nov.  1,  '84,  New 

York  City. 

35.  Newhall,  Geo.   M.,  Dec.  6,  '84, 

Phila. 

Total,  79,  or  16  per  cent. 


The  following  curve  sheet  (Fig.  2)  shows  how  the  dates  of  organiza- 
tion and  number  of  members  of  six  other  local  engineering  societies 
in  this  country  compare  with  those  of  this  Club.     They  are  believed 
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to  include  the  largest  mid  nio^t  prominent 
success  or  usefulness  f>f  a  soriety  and  the  beni 
bers  are,  however,  not  necesiiarily  tneasured 
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the  present  comparison  should  not  be  assumed  to  include  more  than 
these  two  features. 

From  1890,. when  energetic  efforts  were  made  to  increase  the  attrac- 
tiveness of  the  Club,  to  1895,  the  average  attendance  (see  Fig.  1  and 
Table  III)  at  the  meetings  increased  very  greatly — from  24  to  74, 
or  more  than  trebled — thus  showing  what  remarkably  good  results 
can  be  achieved  by  energetic  management.  For  nine  subsequent 
years  the  average  remained  almost  steadily  at  71,  and  in  the  last  two 
years  it  increased  to  88,  all  of  which  is  very  gratifying,  except,  perhaps, 
to  those  members  who  had  to  stand,  as  the  attendance  was  often 
beyond  the  seating  capacity  of  our  meeting  hall.  The  present  maxi- 
mum attendance,  155,  is  more  than  double  w^hat  it  was  in  1891,  prior 
to  which  no  records  were  kept.  This  increase  was  especially  marked 
during  the  past  two  years,  when  it  rose  from  92  to  155.  As  the  mem- 
bership increased  far  less  rapidly,  this  shows  a  greatly  increased  in- 
terest in  the  meetings.  These  figures  emphasize  the  rapid  outgrowing 
of  our  present  quarters. 

The  present  average  attendance,  88,  shows  that  an  equivalent  of 
one  in  four  of  the  resident  active  members,  or  one  in  about  six  of  the 
total  membership,  attends  the  meetings,  as  compared  with  only  one 
in  about  seventeen  in  1888,  when  the  membership  was  a  maximum, 
again  showing  the  very  marked  increase  in  the  interest  of  the  meetings, 
for  which  the  Information  Committee  deserve  our  thanks. 

A  prominent  unfavorable  feature  shown  by  these  curves  (Fig.  1 
and  Table  III)  is  the  large  decrease  in  the  number  of  papers,  notes, 
and  communications  presented  at  the  meetings.  In  the  last  twelve 
years  the  number  has  remained  nearly  steady  at  an  average  of  22  or 
23  a  year,  reaching  a  minimum  of  18  in  1903,  as  compared  with  an 
average  of  37  for  the  life  of  the  Club,  and  a  striking  maximum  of  90 
in  1884,  the  total  number  of  papers  being  just  1000. 

The  membership  of  the  Club  includes  engineers  from  all  the  different 
branches  of  engineering,  besides  architects,  metallurgists,  chemists, 
and  men  of  other  professions;  hence  to  be  attractive  to  all  these 
varied  professions  the  number  and  variety  of  the  papers  ought  to  be 
much  greater  than  they  are  now.  Members  find  too  few  papers  a 
year  in  their  own  line  of  work.  A  greater  variety  will  unquestionably 
attract  a  greater  variety  of  members  to  the  meetings.  The  number 
of  meetings  having  always  been  about  18  a  year,  it  follows  that  there 
ought  to  be  more  of  the  shorter  papers  and  more  notes  and  communi- 
cations of  interest,  as  there  were  formerly.    This  is  strikingly  sho\*Ti 
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by  the  fact  that  the  most  rapid  rate  of  increase  of  membership  in  the 
history  of  the  Club,  namely,  129,  occurred  during  the  year  in  which 
the  number  of  papers  was  a  maximum,  namely,  90.  From  1888  to 
1896,  during  which  the  number  of  papers  diminished  greatly,  the  mem- 
bership also  diminished;  in  fact,  this  was  the  only  period  in  which 
there  was  a  prolonged  falling  off  in  the  membership. 

Among  the  attractions  that  have  been  greatly  appreciated  are  the 
\isits  to  places  of  interest  to  engineers.  A  number  of  these  have 
been  made  and  were  very  well  attended.  They  ought  to  be  continued, 
and.  if  possible,  be  more  frequent. 

Occasional  exhibits  of  novel  devices,  apparatus,  machines,  etc.,  have 
always  been  appreciated,  and  if  an  abuse  of  the  privilege  is  guarded 
against,  more  frequent  exhibits  of  this  kind  would  undoubtedly  form 
an  attraction.  At  this  annual  meeting  the  experiment  is  being  tried, 
in  a  ver}^  modest  form,  of  having  a  few  exhibits  of  this  kind  distributed 
about  the  rooms  of  the  Club,  to  acquaint  members  with  some  of  the 
new  developments.  If  it  seems  to  be  appreciated  it  might  be  made 
an  annual  affair,  and  if  the  number  of  exhibits  should  warrant  it, 
arrangements  might  be  made  to  hold  the  next  annual  meeting  in  the 
new  engineering  building  of  the  University,  where  there  are  facilities 
for  running  machiner}'. 

The  attendance  at  our  regular  meetings  might  also  be  increased  by 
revising  the  rule  prohibiting  smoking  at  the  meetings,  now  that  the 
practice  has  become  so  general  at  meetings  not  attended  by  ladies. 
If,  as  is  claimed,  the  objections  are  the  poor  ventilation  and  the  danger 
to  the  carpet,  it  ought  not  to  be  difficult  to  meet  them.  The  popular 
vote  against  smoking,  it  may  be  recalled,  was  carried  by  only  a  single 
vote,  and  a  resubmission  to  a  vote  therefore  seems  warranted. 

Printing  the  chief  papers  in  advance,  and  then  reading  them  only 
in  abstract,  thereby  devoting  most  of  the  time  to  the  discussion,  has 
frequently  been  suggested,  and  it  is  here  urged  again  as  a  very  de- 
sirable feature.  It  is  done  by  other  societies;  why  not  by  this  one 
also. 

The  change  of  the  meeting  night  to  some  other  day  of  the  week 
has  been  brought  up  again.  This  should  be  decided  only  after  a  mail 
canvass  of  the  resident  members,  as  it  was  done  before.  It  is  too 
great  a  change  to  be  made  without  careful  consideration. 

The  total  number  of  meetings  held  amounts  to  486,  averaging  just 
18  per  year.  Without  considering  the  advantages  of  the  club-house 
between  meetings,  the  cost  of  a  meeting  corresponds  to  an  average  of 
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$242,  as  compared  with  $377  last  year.  But  the  present  cost  per 
member,  namely,  76  cents,  is  only  slightly  above  the  average  of  60 
cents. 
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Fig.  3. 


By  similarly  analyzing  the  curves  showing  the  finances  (Fig.  3; 
see  also  Table  II),  numerous  other  interesting  deductions  can  be  made, 
which  will  be  ver>'  instructive  to  future  Boards;  it  is  regretted  that 
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they  were  not  at  the  disposal  of  the  present  outgoing  Board.  These 
deductions  are  too  numerous  to  be  stated  here,  but  a  few  will  indicate 
their  nature.  Unfortunately,  the  system  of  reporting  the  accounts 
at  the  end  of  each  year  was  far  from  a  uniform  one,  hence  the  apparent 
variations  may  often  be  obscured,  but  over  long  periods  they  tend 
to  become  sufficiently  equal  for  drawing  deductions.  For  many  years 
your  present  President  has  urged  greater  uniformity,  comprehensive- 
ness, and  completeness  of  the  financial  reports  of  the  Board  for  each 
year,  and  he  again  emphasizes  it  now.  The  annual  report  of  the 
Board  should  show  the  state  of  affairs  for  that  year  independently 
of  the  unavoidable  overlappings  of  the  two  neighboring  years,  which 
latter  should  be  eliminated  from  it,  approximately  at  least. 

The  curves  of  the  finances  show  that  the  receipts  and  expenditures 
have  always  kept  together,  though  sometimes  not  very  closely;  but 
the  average  savings  have  been  about  $53  per  year,  or  1.2  per  cent., 
on  the  right  side,  not  counting  the  accumulating  assets.  The  periods 
of  excess  of  expenses,  since  the  great  strain  in  1892,  have  steadily 
grown  less  in  frequency  and  amount,  and  now  bid  fair  to  disappear. 
During  the  past  eight. years  the  cash  balance  shows  a  nearly  steady 
increase,  indicating  a  growing  financial  good  health.  During  that 
same  period  the  assets  have  increased  steadily  and  very  rapidly,  while 
the  liabilities  have  remained  nearly  at  zero. 

The  wave  form  of  the  curves  is  again  marked,  and  the  present  slight 
downward  tendency  should  be  heeded.  The  financial  straits  of  1889-90 
which  threatened  the  life  of  the  Club,  are  quite  marked  in  the  curves. 
Besides  the  spurious  membership,  the  liabilities  were  ignored  and  the 
assets  overestimated,  to  try  to  show  good  annual  results,  which, 
however,  were,  in  fact,  spurious.  The  phenomenal  recovery  in  the 
following  years  shows  what  an  energetic  Board  of  Managers  is  able 
to  do.  The  Club  owes  great  gratitude  to  the  officers  of  1890  and  the 
immediately  following  years.  The  rapid  rise  in  1903  again  shows  the 
benefits  resulting  from  the  anniversary^  banquet  of  1902.  The  marked 
rise  in  1898  seems  to  have  been  due  to  an  active  Board,  and  particu- 
larly to  attention  to  the  "  Proceedings.'' 

The  expenses  for  the  club-house  have  increased  slowly  but  steadily 
since  1885,  when  we  moved  into  the  present  quarters. 

The  total  expenses  of  the  Club,  amounting  to  about  $118,000,  show 
the  average  cost  of  a  member  to  have  been  $11.30  per  year,  as  com- 
pared with  an  average  of  $13.89  for  the  last  ten  years,  and  $13.67 
for  the  past  year;  last  year  we  kept  within  the  average  of  the  past 
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ten  years,  during  which  time  about  the  same  benefits  were  provided 
for  members.  These  data  are  shown  in  Fig.  4  and  Table  IV  for  the  last 
ten  years.  The  total  receipts  of  about  $119,400  amount  to  about 
$11.47  per  member  per  year,  as  compared  with  an  average  of  $14.18 
for  the  last  ten  years  and  $13.88  for  the  past  year.  The  receipts  per 
member  last  year  were,  therefore,  below  the  average  of  the  past  ten 
years.  Nevertheless,  there  was  a  gain  per  member  of  $0.21,  as  com- 
pared with  an  average  of  $0.29  for  ten  years,  and  $0.17  for  the  whole 
twenty-seven  years. 

The  latter  figures  show  a  balance  in  the  right  direction,  but  they 
also  show  too  small  a  margin.     Our  members  seem  to  be  getting  too 
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much  for  their  dues.  It  is  important  to  note,  as  is  illustrated  in  the 
small  sketch  accompanying  these  curves,  that  in  general  the  receipts 
of  a  club  like  ours  will  increase  nearly  in  proportion  to  an  increase  of 
members,  while  the  expenditures  are  made  up  of  two  parts,  by  far 
the  larger  one  of  which  is  practically  constant,  namely,  the  expenses 
for  the  house,  salaries,  and  "  Proceedings,"  which  are  practically  inde- 
pendent of  the  ordinary  variations  in  the  membership;  the  other  and 
much  smaller  part  varies  with  the  number  of  members.  From  this  it 
follows  that  the  gain  per  member  increases  far  more  rapidly  than  the 
increase  in  members,  showing  the  importance  of  adding  to  our  mem- 
bership.    On   the   other  hand,   a   comparatively  small   decrease  of 
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members  will  diminish  very  rapidly  the  gain  per  member,  a  small 
loss  of  members  changing  the  gain  into  a  loss.  The  Club  has  been 
hovering  quite  near  this  turning-point ;  a  comparatively  small  increase 
of  members  would  bring  it  to  a  safe  distance  beyond,  besides  yielding 
a  much  desired  surplus. 

One  of  the  unfavorable  features,  and  to  which  earnest  attention 
should  be  given,  is  the  almost  unbroken  and  rapid  increased  net  cost 
of  our  "Proceedings"  during  the  past  eight  years,  as  shown  in  Fig.  5 
(see  also  Table  II),  which  gives  the  gross  and  net  cost  and  income. 
The  **  Proceedings''  have  always  been  a  source  of  expense,  notwith- 
standing the  frequent  statements  that  they  promise  to  become  self- 
supporting.  With  the  exception  of  an  upward  tendency  during  the 
past  year,  which  may  be  only  apparent,  the  net  cost  has  been  steadily 
and  rapidly  increasing.  There  seems  to  be  a  slow  but  steady  increase 
in  income  during  the  past  three  years,  yet  the  corresponding  cost  has 
increased  much  more  rapidly.  The  diminution  in  net  cost  in  1896  was 
due  to  a  trial  to  have  it  published  free  to  the  Club  by  an  advertis- 
ing agency;   this  seems  worthy  of  reconsideration. 

The  "Proceedings''  have  cost  us  $23,870  for  21  volumes,  averaging 
$1137  per  volume,  or  $284  per  issue,  as  against  an  income  of  only 
$14,749,  averaging  $702  per  volume,  or  $175  per  issue,  leaving  a  total 
loss  of  $9121,  or  $434  per  volume,  and  $108  pfer  issue.  This  amounts 
to  nearly  $1  per  member  per  year.  During  the  last  year  the  total  cost 
increased  to  $1361,  or  $340  per  issue,  as  against  an  income  of  $593, 
or  $148  per  issue,  leaving  a  loss  of  $768,  or  $192  per  issue,  or  over 
$1.50  per  member  per  year.  Although  these  figures  are  better  than 
they  were  the  year  before,  they  are,  nevertheless,  more  unfavorable 
than  the  average,  the  loss  being  nearly  twice  as  great. 

Earnest  efforts  ought  to  be  exercised  to  make  the  "Proceedings" 
as  nearly  self-supporting  as  possible.  Publishing  them  jointly  with 
other  allied  societies  might  again  be  considered.  They  should  also 
be  published  as  promptly  as  possible,  otherwise  their  value  is  greatly 
diminished,  and  they  are  our  chief  attraction  for  non-resident  mem- 
bers. A  general  index  for  all  the  volumes,  or  for  the  first  20  volumes, 
would  greatly  increase  their  value.  As  some  of  the  issues  had  un- 
wisely been  allowed  to  become  completely  exhausted,  the  value  of 
our  stock  of  back  numbers  had  been  reduced  to  almost  nothing.  But 
with  a  special  effort  made  this  past  year  a  few  copies  of  the  exhausted 
numbers  were  again  secured  and  the  value  of  our  stock  has  thereby 
been  greatly  increased.  There  are  now  10  complete  sets  in  our  pos- 
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session.    The  price  of  these  should  be  raised,  owing  to  their  limited 
number,  and  these  complete  sets  should  not  again  be  allowed  to  be 
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broken.     By  continuing  these  efforts  a  few  more  complete  sets  could 
undoubtedly  be  added  to  our  assets. 

Concerning  the  officers  of  organizations  of  this  kind,  and  the  methods 
of  choosing  them,  experience  has  indicated  many  suggestions  which 
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it  seems  wise  to  heed.  Among  these  might  be  mentioned  the  follow- 
ing, some  of  which  have  already  been  followed  in  our  Club. 

The  president  should  be  chosen  from  those  who  have  been  members 
for  a  number  of  years,  and  have  shown  an  unselfish  interest  in  the 
welfare  of  the  Club;  he  should  be  free  from  political  and  factional 
influences.  In  such  organizations  as  ours,  in  which  the  proper  conduct 
of  that  office  requires  much  time  and  labor,  experience  has  shown  that 
it  is  dangerous  to  tender  this  highest  honor  to  one  whose  brilliant 
achievements  may  give  prestige  to  the  Club,  but  who  cannot  devote 
tiie  necessary  time  and  interest  to  it.  Or,  to  put  it  briefly,  presidents 
who  are  exclusively  ornamental  are  apt  to  be  costly.  It  would  be  a 
very  grave  error  to  elect  a  president  who  has  not  previously  served 
a  term  on  the  Board ;  the  best  plan  would  be  to  select  him  only  from 
the  past  vice-presidents.  We  should,  therefore,  exercise  some  fore- 
thought and  elect  to  the  Board  or  vice-presidency  the  future  possible 
candidates  for  this  office.  A  term  on  the  Board  is  one  of  the  best 
tests  of  one's  fitness  to  be  placed  at  its  head.  Our  invariable  custom 
not  to  reelect  a  president  for  a  second,  inmiediately  succeeding  term 
seems  a  good  one  to  continue.  Some  weight  should  also  be  given  to 
an  adequate  representation,  in  the  chair,  of  the  different  professions 
composing  the  active  membership  of  the  Club.  Our  past  presidents 
were  divided  as  follows:  12  were  civil  engineers,  10  mechanical  engi- 
neers, 1  a  mining  engineer,  1  a  military  engineer,  1  an  architect,  and 
1  a  chemist. 

It  is  interesting  to  note  that,  of  our  26  past  presidents,  the  last  14 
are  still  active  members  of  the  Club,  attend  the  meetings,  and  take 
an  interest  in  its  welfare.  Of  the  12  others,  6  have  died,  3  have  re- 
signed, 1  has  become  a  non-resident,  and  2  are  still  resident  members. 

Vice-presidents  should  be  selected  chiefly  with  a  view  of  their 
becoming  future  presidential  candidates;  chance,  entirely  beyond  our 
control,  may  make  one  of  them  our  president. 

The  practice  of  intrusting  the  affairs  of  the  Club  almost  entirely 
to  a  Board  of  Directors  seems  to  have  been  very  successful,  as  it 
leaves  the  meetings  practically  free  for  papers  and  discussions.  It  is 
the  method  now  generally  adopted  by  similar  societies.  But  the 
success  or  failure  of  the  management  depends  in  so  great  a  manner 
on  the  chairmen  of  the  standing  committees  of  the  Board,  that  it 
seems  important  to  bear  in  mind  the  nature  of  their  duties  in  selecting 
candidates  for  the  directors.  The  attractiveness  of  the  subjects  dis- 
cussed at  the  meetings,  and  therefore  indirectly  also  the  growth  in 
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membership,  depends  largely  on  the  Chairman  of  the  Information 
Committee.  To  non-resident  members  the  attraction  depends,  in 
addition,  largely  on  the  promptness  and  editorial  abilities  of  the 
Chairman  of  the  Publication  Committee,  while  the  comforts  and 
attractiveness  of  the  club-house  depend  largely  on  the  Chairman  of 
the  House  Committee.  Credit  for  successes  in  these  directions,  there- 
fore, belongs  largely  to  these  chairmen. 

It  is,  of  course,  an  honor  to  be  elected  to  an  office  of  the  Club,  but 
it  is  a  grave  mistake  to  elect  an  officer  merely  to  confer  an  honor 
upon  him,  as  much  time  and  labor  are  required  of  the  officers. 

As  an  outgoing  Board  has  had  a  year*s  experience  in  managing 
the  affairs  of  the  Club,  while  the  greater  part  of  an  incoming  Board 
has  had  none,  good  results  would  be  ver>'  likely  to  follow  if  it  be  made 
a  rule  that  each  outgoing  Board,  or  the  retiring  President,  be  in- 
structed to  prepare  a  sort  of  message  to  the  incoming  Board,  con- 
taining recommendations  and  suggestions  based  on  the  past  year's 
experience.  Such  matters  would  then  remain  before  the  new  Board 
and  the  Club,  until  acted  upon,  and  that  Board  would  then  have  the 
advantages  of  the  experience  and  the  opinions  of  its  predecessor. 

It  has  been  the  experience  of  many  societies,  including  our  own, 
that  as  much  as  possible  of  the  business  of  the  society  should  be 
intrusted  to  its  secretary.  On  him,  probably  more  than  on  any  other 
single  officer,  does  the  success  and  growth  of  the  Club  depend.  He 
should,  if  possible,  be  made  the  executive  officer  of  the  Club,  and  be 
responsible  to  the  Club  and  to  the  Board  for  the  duties  intrusted  to 
his  care.  He  should  be  strictly  impartial,  and  capable  of  being 
trusted  not  to  sacrifice  the  interests  of  the  Club  to  his  own.  His 
chief  aim  should  be  to  carr}'  out  intelligently  the  wishes  of  the  admin- 
istrative Board,  and  to  promote  the  interests  and  welfare  of  the 
society.  A  good,  virtually  permanent,  secretary  is  the  most  valuable 
accjuisition  of  a  society;  he  can  do  as  much  good  as  a  poor  one  can 
do  injur}'.  The  growing  practice  of  making  the  secretary'  of  a  society 
its  chief  executive  officer,  seems  to  be  a  good  one,  provided,  however, 
that  the  Board  continues  to  assume  the  responsibilities  intrusted  to 
it  by  the  Club,  even  though  it  may  have,  in  turn,  wisely,  or  perhaps 
unwisely,  intrusted  them  to  the  secretary'.  As  the  abuse  of  this 
power  is  a  source  of  great  danger,  it  must  be  very  carefully  guarded 
against. 

Our  own  Club  is  fortunate  in  having  in  Mr.  J.  O.  Clarke  an  able, 
impartial  secretar}',  with  discretionary'  power,  and  I  feel  sure  that 
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the  members  of  the  Chib  and  of  the  Board  join  me  in  greatly  regretting 
that,  owning  to  the  lack  of  the  necessar\'  time  to  perform  the  duties 
of  the  office,  he  would  not  accept  the  renomination  which  was  offered 
him. 

Changing  secretaries,  when  the  office  has  been  satisfactorily  filled, 
is  always  regrettable,  especially  when  such  a  large  part  of  the  Board 
changes  each  year.  A  secretary"  should  be  virtually  a  permanent 
officer  who  is  quite  familiar  \\4th  all  the  affairs  and  past  policies  of 
the  society ;  he  should  be  thoroughly  identified  with  his  society.  The 
annual  reelection  to  this  office  has,  however,  been  found  by  most 
societies  to  be  a  wise  precaution. 

An  energetic  treasurer,  like  our  present  one,  who  has  the  interests 
of  the  Club  at  heart,  can  do  much  toward  keeping  the  Club  from 
getting  into  debt,  and  toward  keeping  as  low  as  possible  the  annual 
loss  due  to  resignations  or  dropping  from  the  rolls. 

There  is  grave  danger  in  intrusting  too  much  authority  to  employees 
of  the  Club,  as  distinguished  from  officers.  They  should  be  held 
strictly  responsible  to  some  one  particular  officer  or  committee,  who, 
in  turn,  is  responsible  to  the  Board.  He  who  serves  many  masters 
is  responsible  to  none,  and  is  tempted  to  become  a  master  to  himself, 
as  this  Club  has  found  out  to  its  regret. 

According  to  our  new  method  of  nominating  officers,  their  election 
is  in  effect  practically  in  the  hands  of  the  Nominating  Committee. 
But  if  there  is  one  thing  which  n\embers  are  apt  to  guard  more  jeal- 
ously than  any  other,  it  is  their  right  to  choose  their  officers,  and  it 
might,  therefore,  perhaps  be  an  improvement  on  our  otherwise  satis- 
factory system  if  each  member  be  at  least  given  an  opportunity  to 
make  suggestions  for  nominations  to  guide  this  committee  in  making 
its  selections  or  recommendations.  The  choice  made  by  such  a  com- 
mittee is  likely  to  be  a  wiser  one  than  that  due  to  mere  numbers  of 
nomination  votes,  perhaps  due  to  objectionable  "practical  politics," 
but  members  will  then  have  had  an  opportunity  to  express  their 
wishes,  if  they  have  any,  and  to  have  them  duly  considered.  Dissatis- 
faction with  the  nominations  of  the  Committee  would  thereby  be 
lessened.  Analogous  systems  are  used  in  other  large  societies,  ap- 
parently to  the  general  satisfaction  of  all  concerned.  It  has  also  been 
suggested  several  times  that  this  nominating  committee  should  be 
instructed,  or  at  least  permitted,  to  nominate  two  candidates  for  one 
or  more  of  the  offices,  leaving  the  final  choice  to  the  members. 

The  Club  is  to  be  congratulated  that,  with  but  a  few  exceptions, 
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the  elections  have  been  comparatively  free  from  heated  factional 
contests  or  objectionable  political  methods,  which  are  especially  un- 
becoming to  a  body  of  men  who  have,  or  should  have,  but  one  goal, 
the  general  welfare  of  the  Club  as  a  whole. 

One  of  the  most  important  subjects  to  which  this  Club  should  now 
give  its  earnest  attention  is  that  of  a  new  and  permanent  home.  We 
have  unquestionably  outgrown  our  present  quarters,  which  we  have 
occupied  for  twenty  years.  There  have  been  many  meetings  at  which 
quite  a  large  number  of  members  had  to  stand;  in  fact,  during  one 
year  the  average  attendance  at  the  meetings  exceeded  the  seating 
capacity  of  our  meeting  hall  at  that  time.  Our  lunch  room  has  been 
totally  inadequate  for  many  years.  With  the  utmost  crowding  of 
chairs,  the  erection  of  some  benches,  the  utilization  of  the  hallway, 
and  resorting  to  the  stairway  as  a  gallery,  the  maximum  seating 
capacity  could  be  increased  to  147,  with  no  further  standing  room. 
For  obtaining  more  room  downstairs  plans  were  considered  for  in- 
closing a  part  of  the  present  yard  for  the  buffet  table,  for  taking  down 
some  of  the  partitions,  and  for  changing  the  cellar  into  a  basement 
lunch  room;  but  our  short-term  lease  did  not  warrant  the  Board  to 
go  to  this  expense. 

The  plan  of  renting  a  larger  building  like  the  present  was  also  con- 
sidered, but  it  would  afford  only  temporary  relief,  and  even  if  such 
a  building,  suitably  located,  could  be  found — ^which  is  not  likely — 
it  would  involve  expensive  alterations,  and  rents  are  especially  high 
now.  A  plan  was  also  considered  to  rent  rooms  in  a  modem  office 
building  having  a  meeting  hall  which  could  be  rented  for  the  meetings, 
but  it  did  not  seem  to  meet  with  general  favor. 

The  ideal  plan  of  purchasing  one  or  two  buildings  and  altering  them 
to  suit  our  needs  was  also  considered,  but  it  involved  either  securing 
endowments,  which  did  not  succeed,  or  inciuring  a  heavy  debt,  which 
was  considered  unwise,  and  would  necessitate  a  material  increase  in 
dues,  generally  accompanied  by  a  decrease  in  membership  and  greater 
diflBculty  of  getting  new  members. 

Lastly,  there  is  another  possible  solution  of  this  important  question 
which  seems  at  the  same  time  to  meet  not  only  all  the  essential  re- 
quirements, but  also  has  many  unessential  but  desirable  features,  and 
seems  to  be  the  most  feasible,  probably  the  least  expensive,  and  prob- 
ably the  most  satisfactory  in  every  way.  It  is  the  construction  of  a 
union  building  or  cooperative  building,  which  is  to  be  the  joint  home 
of  a  number  of  allied  societies  of  this  city,  among  the  most  important 
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of  which  would  probably  be  our  highly  esteemed  and  senior  sister 
society,  the  Franklin  Institute  of  Pennsylvania. 

This  plan  I  ventured  to  urge  in  this  Club  a  dozen  years  ago,  but 
it  died  in  the  hands  of  an  inactive  and  unsympathetic  committee. 
Since  that  time  the  conditions  seem  to  have  grown  more  favorable 
to  its  realization.  The  apparent  hopelessness  of  other  plans  seems  to 
be  better  realized,  and  a  similar  plan  has  since  been  approved  in  New 
York  city,  where  it  is  now  being  carried  out  on  a  very  extensive  scale 
for  the  large  national  engineering  societies,  and  has  met  with  such  favor 
that  it  has  been  most  generously  endowed  by  our  esteemed  and 
eminently  successful  fellow  engineer,  Mr.  Andrew  Carnegie,  to  the 
extent  of  $1,500,000,  besides  numerous  other  large,  yet  relatively 
smaller  endowments  to  the  individual  societies.  Your  retiring  Presi- 
dent therefore  ventures  to  again  urge  that  this  plan  be  earnestly  con- 
sidered by  this  Gub. 

Without  aspiring  to  anything  approaching  the  pretentious  structure 
in  New  York,  which  even  for  those  large  societies  may  for  a  time  be 
a  heavy  though  willingly  carried  load  to  bear,  the  more  modest  propo- 
sition in  its  different  forms  is  about  as  follows:  In  its  ideal  form  it 
would  be  to  have  a  sufficiently  large,  modem,  fire-proof  building, 
centrally  located,  with  one  large  and  one  smaller  lecture  hall,  well 
equipped  for  scientific  lectures  and  meetings,  ^  and  supplied  with 
electric  current  and  power.  These  halls  would  be  used  in  turn  by  all 
the  participating  societies,  thereby  saving  to  each  society  the  rela- 
tively great  expense  of  an  inadequate  hall  of  its  own,  which  remains 
unused  during  by  far  the  greater  number  of  days  in  the  year,  as  is 
the  case  with  this  Club.  Such  halls  might  also  yield  a  revenue  by 
being  rented  to  others  than  the  tenants. 

The  large  and  exceedingly  valuable  technical  library  and  historical 
relics  of  the  Franklin  Institute  would  be  in  a  strictly  fire-proof  part 
of  the  building,  with  suitable  reading-rooms.  It  might  have  adjoining 
alcoves  containing  the  less  pretentious  libraries  of  the  other  societies 
imder  joint  management.  Each  participating  society  would  have  its 
own  conversation  rooms  and  executive  offices.  A  restaurant,  either 
exclusive  or  public,  would  be  a  very  desirable  feature ;  it  would  facili- 
tate the  providing  of  our  after-meeting  lunches,  and  would,  no  doubt, 
increase  the  daily  intercourse  between  engineers  at  their  noon  lunches 
and  dinners,  and  provide  an  attractive  place  to  entertain  visiting 
engineers,  especially  if  provision  could  be  made  for  banquets. 

If,  in  addition,  there  were  offices  rented  to  engineers,  and  well- 
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lighted  rooms  for  architects,  they  would  doubtless  be  well  patronized. 
To  patent  attorneys  and  solicitors  the  reference  library  and  records 
of  patents  of  the  Franklin  Institute  in  the  same  building  with  their 
offices  would  be  a  very  attractive  feature.  Large  engineering  corpora- 
tions would  be  likely  to  rent  suites  of  rooms.  To  all  engaged  in 
engineering  pursuits  it  would  be  very  attractive  to  have  combined, 
under  the  same  roof,  their  ovm  business  offices,  those  of  their  colleagues 
and  associates,  the  valuable  reference  and  technical  library  of  the 
Franklin  Institute,  the  social  rooms  of  our  Club,  the  engineers'  ren- 
dezvous in  the  restaurant,  the  facilities  for  receiving  non-residents, 
and  the  professional  food  and  entertainment  at  the  evening  meetings 
of  the  various  societies,  which  would  probably  be  offered  nearly,  if 
not  quite,  six  evenings  a  week.  The  membership  of  each  of  the  socie- 
ties would  be  likely  to  increase  largely  as  the  attraction  of  each  became 
better  known. 

Like  in  the  building  of  the  Engineers'  Club  in  New  York  and  allied 
societies  in  that  city,  and  some  in  this  city,  the  project  might  be 
extended  to  include  lodging  facilities  for  visiting  engineers. 

Besides  the  Engineers'  Club  and  the  Franklin  Institute,  there  are 
a  number  of  other  societies  who  would  be  attracted  to  such  a  joint 
cooperative  home  of  societies.  Among  them  are  the  Geographical 
Society,  the  Photographic  Society,  the  Philadelphia  Chapter  of  Ameri- 
can Architects,  the  T-square  Club,  the  Technischer  Verein,  and  doubt- 
less others,  besides  numerous  non-technical  societies  who  would  be 
attracted  by  the  facilities  offered  to  such  organizations. 

The  cost  of  such  a  building  might  be  provided  in  one  of  several 
different  ways.  The  most  desirable  way,  though  perhaps  the  most 
difficult  to  accomplish,  is  by  endowment,  a  great  and  lasting  monu- 
ment of  some  generous  philanthropist.  The  income  from  the  tenants 
would  more  than  pay  for  the  maintenance,  the  building  being  held  in 
trust.  The  feature  of  business  offices  for  engineers  and  others  would 
then  perhaps  be  excluded,  but  investing  capital  might  in  such  a  case 
be  induced  to  provide  for  these  in  an  adjoining  building  with  com- 
municating entrances. 

Another  suggestion,  and  perhaps  the  most  feasible,  was  to  have  the 
largest  of  the  societies,  namely,  the  Franklin  Institute,  erect  and  own 
the  building,  investing  its  endowments  in  it  and  realizing  its  income 
from  the  rents  of  the  other  tenants.  If  mortgage  bonds  are  necessan' 
at  first,  they  could  be  purchased  later  by  that  Institute,  as  it  receives 
endowments  in  the  future  which  its  increased  prominence  would  then 
be  more  likely  to  induce. 
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Failing  this,  another  method  would  be  a  purely  cooperative  plan  of 
investing  the  ownership  in  a  stock  company,  the  stock  being  sub- 
scribed by  the  renting  societies  and  their  individual  members. 
If  not  constructed  on  an  elaborate  scale,  such  stock  should  pay  suffi- 
cient interest  to  be  subscribed  for  as  an  investment.  Endowments 
of  the  societies  could  be  invested  in  such  stock.  Other  office  buildings 
are  remunerative  investments;  why  should  not  such  a  one  be.  All 
the  societies  and  engineers  now  pay  rent,  which  it  is  to  be  presumed  is 
remunerative  to  the  respective  landlords;  why  should  it  not  be  even 
more  so  when  certain  expensive  parts  of  their  homes,  such  as  the 
meeting  halls,  are  rented  by  all  of  them.  For  better  facilities  they 
would  probably  pay  higher  rents;  reductions  in  cost  of  such  items 
as  janitor  services  would  enable  them  to  do  so. 

As  a  last  resort,  and  probably  the  least  attractive  proposition,  it 
might  be  possible  to  induce  investing  capital  to  erect  such  a  building 
as  a  business  enterprise,  the  societies  taking  long-term  leases. 

Under  certain  circumstances  such  a  building  might  be  exempt  from 
municipal  taxation,  although  there  are  attending  disadvantages  which 
should  be  carefully  considered. 

Among  all  the  various  propositions  under  consideration  for  a  new, 
attractive  and  permanent  home  for  the  Engineers'  Club,  it  ought  to 
be  possible  to  find  some  feasible  one,  and  this  should  be  done  with 
as  little  delay  as  possible.  Our  Committee,  under  the  Chairmanship 
of  Mr.  James  Mapes  Dodge,  recently  President  of  the  American  Society 
of  Mechanical  Engineers,  and,  therefore,  familiar  with  the  organization 
of  the  union  engineering  building  to  be  erected  in  New  York,  and  one 
of  the  most  energetic  members  of  the  Franklin  Institute,  reports  as 
follows : 

''The  question  of  new  quarters  for  the  Club  has  been  discussed  in 
many  phases,  and  there  is  a  very  decided  hope  expressed  by  many  that 
some  form  of  union  building  can  be  arranged  for,  and  that  efforts  have 
been  made  to  bring  about  its  consummation.  As  yet,  nothing  has 
been  settled  regarding  the  financing  of  such  a  project,  though  hope  is 
entertained  that  the  present  year  may  develop  something  tangible  in 
this  line.'' 

The  Franklin  Institute,  under  the  presidency  of  our  past  President, 
Mr.  John  Birkinbine,  and  equally  in  need  of  a  new  home,  is  at  present 
earnestly  considering  the  subject.  Allied  societies  are  becoming  in- 
terested in  their  own  behalf.  New  "^'ork  is  setting  the  example  of  a 
union  building  for  societies.     With  all  this  interest  manifested  at  the 
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Fatal  Accidents. 

During  the  construction  of  the  conduit  14  lives  were  lost,  as  follows: 

Shaft 'No.  /,  November  20,  1902:  One  man  killed  by  the  fall  of  a 
fragment  of  rock  from  the  side  of  the  shaft. 

Shaft  No.  2,  June  2^  1902:  Foreman  killed  while  riding  down  the 
shaft  on  a  pump  which  was  being  lowered  to  position  at  the  bottom 
of  the  shaft,  by  a  piece  of  pipe  which  became  disconnected  and  fell, 

Shxift  No.  3y  August  14,  1902:  The  pump  man  at  foot  of  shaft  killed 
by  dropping  of  a  drill  from  the  cage  in  the  shaft. 

January  10, 1903:  One  man  fatally  burned  in  a  shack  fired  by  an 
explosion  of  dynamite  stored  in  the  magazine. 

Shxift  No.  4,  July  31,  1902:  One  man  killed  by  being  struck  by 
the  boom  of  derrick  and  knocked  into  shaft. 

Shaft  No.  7,  May  20,  and  May  21,  1902:  Two  men  fatally  overcome 
by  powder  fumes  in  the  heading. 

Shaft  No.  9,  April  30,  1902:  Three  men  killed  at  one  time  by  the 
tipping  of  a  bucket  in  which  they  were  being  drawn  up  out  of  the 
shaft.  The  hoisting  engine  developed  some  trouble,  and  just  as  the 
boom  of  the  derrick  was  being  swung  clear  of  the  shaft,  the  hoisting 
rope  slipped  and  bucket  struck  on  the  upper  edge  of  the  steel  shell 
and  dumped  the  men  into  the  shaft. 

Shaft  No.  10,  April  5,  1902:  One  man  was  killed  by  being  crushed 
between  the  side  of  the  shaft  and  the  discharge  pipe  of  a  pump  which 
was  being  lowered. 

Shaft  No.  10,  December  2,  1902:  One  man  killed  by  being  hit  in 
the  head  by  a  fragment  of  rock  from  a  blast  fired  in  the  south 
heading,  400  feet  distant. 

Sfujft  No.  10,  December  4,  1902:  One  man  killed  by  fall  of  rock 
from  the  roof  in  the  south  heading. 

Penny  pack  Creek:  Between  Shafts  Nos.  1  and  2  man  drowned  by 
leaping  from  the  transfer  boat,  which  he  supposed  was  sinking. 


Estimated  Carrying  Capacity. 
Data  upon  the  actual  flowing  capacity  of  large  brick-lined  conduits 
under  pressure  are  very  meager,  but  with  the  loss  of  head  between 
Shaft  No.  1,  at  Torresdale,  and  Shaft  No.  11,  at  Lardner's  Point,  of 
8.6  feet,  it  is  assumed  that  the  conduit  will  have  a  carrying  capacity 
of  300,000,000  gallons  a  day  of  twenty-four  hours. 


Hering — Address  by  the  Retiring  President. 


Ill 


mental  Broad  Street  Station  now  stands,  and  in  one  of  which  buildings, 
namely,  No.  10  North  Merrick  Street,  now  Broad  Street,  was  the  first 
home  of  this  Club.  I  take  pleasure  in  presenting  a  photograph  of  it 
to  the  Gub  in  behalf  of  Mr.  Richards,  who  had  it  copied  for  us.  (Fig. 
6  is  a  reproduction  of  it.) 

In  retiring  from  this  chair  I  wish  again  to  express  my  thanks  and 
appreciation  to  you  for  the  honor  you  conferred  upon  me,  and  for 
the  uninterrupted  courtesies  shown  to  the  chair  by  the  members  at 
large,  and  by  those  of  the  Board,  during  the  past  year.  And  I  wish 
to  extend  to  the  Club  my  best  wishes  for  a  continuation  and  an  increase 
of  its  present  prosperity. 
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Table  II.— FINANCES. 
DuRixo  THE  Year. 
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Table  IV.— DOLLARS  PER  MEMBER. 
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e 
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14.24 
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f  0.58 

—  0.64 
t^  1.24 

—  0.56 
^  0.75 

—  0.26 
t  0.32 
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•  0.21 

+  0.29 
-k-0.17 
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PRINCIPLES  AND  APPLICATIONS  OF  MERCURY  VAPOR 
APPARATUS. 

F.  VON  KELLER  (Visitor). 

The  term  ''mercury  vapor  apparatus"  comprises  all  apparatus  in 
which  electric  current  is  conducted  through  mercury  vapor,  and  this 
conduction  becomes  useful  in  the  following  ways : 

1.  In  the  lamp,  the  current  passing  through  the  vapor  produces  the 
light. 

2.  In  the  converter,  alternating  current  is  converted  into  direct 
current. 

3.  In  the  interrupter,  certain  properties  of  the  mercury  vapor  con- 
duction are  taken  advantage  of  to  allow  or  bring  about  periodic  dis- 
charges of  the  current,  such  as  is  necessary  in  the  arts  of  wireless 
telegraphy  and  in  x-ray  production. 

4.  A  mercury  vapor  alternating  current  switch  has  been  operated 
successfully  for  closing  and  opening  alternating  currents. 

In  a  niunber  of  other  ways  the  conduction  of  current  through  mer- 
cury vapor  may  be  of  importance.  All  mercury  vapor  apparatus  have 
their  main  features  in  conmaon.  They  all  consist  of  a  high  vacuum 
container,  usually  glass,  and  two  or  more  electrodes,  one  of  which  is 
in  aU  cases  metallic  mercury. 

I  shall  first  discuss  the  mercury  vapor  lamp  as  the  one  -which  is 
becoming  best  known  and  most  popular  among  mercury  vapor  ap- 
paratus. 

Its  main  body  consists  of  a  glass  tube,  one  inch  wide  and  45  inches 
long.  This  tube  is  obviously  filled  with  luminous  vapor.  At  the 
lower  end  of  the  lamp  you  will  find  a  bulb — the  so-called  ''condensing 
chamber."  This  contains  the  metallic  mercury.  Now,  as  you  see 
this  lamp  running,  the  current  enters  through  a  platinum  seaUng-in 
wire  at  the  lower  end  of  the  tube  into  the  mercury  electrode.  The 
mercury  is  evaporated  and  the  current  passes  through  this  vapor  and 
through  the  tube  to  the  upper  or  positive  electrode,  from  there  out 
and  back  to  the  supply  circuit.  The  condensing  chamber  has  enough 
cooling  surface  to  condense  superfluous  mercury  vapor  in  the  lamp, 
and  thereby  it  holds  the  vapor  at  a  pressure  at  which  the  lamp  will 
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operate  most  efficiently.  The  positive  electrode  is  an  iron  cup  in  this 
lamp.  The  lamp  runs  at  3.5  amperes  and  shows  about  70  volts  across 
its  terminals.  The  balance  of  the  supply  voltage,  which  is  110  volts, 
is  taken  up  in  a  resistance  in  series  with  the  lamp— that  is,  we 
have  110  volts  supply,  70  volts  lamp  voltage,  and  40  volts  balance 
voltage.  The  necessity  of  having  a  balance  resistance  in  series  with 
the  lamp  is  due  to  the  fact  that  the  lamp  has  a  counter  electromotive 
force,  so  to  speak — that  is,  it  requires  a  constant  voltage  across  its 
terminals  for  a  wide  range  in  current,  so  that  variations  in  line  voltage 
must  be  taken  care  of  by  this  balance  resistance,  which  may  limit  and 
regulate  the  current  strength. 

A  striking  peculiarity  of  the  lamp  is  the  fact  that  it  has  a  tendency 
to  go  out  at  frequent  periods — say  a  couple  of  times  a  second — which 
makes  an  induction  coil  necessary  in  the  circuit,  which,  by  means  of 
its  reactive  kick,  eliminates  all  tendency  of  the  lamp  to  go  out. 

Now,  when  I  twm  the  switch  off  the  lamp  goes  out,  and  when  I  turn 
the  switch  on  again  the  lamp  does  not  light  up  again  by  itself.  It  is 
necessary  for  me  to  pull  the  chain  and  tilt  the  tube  until  the  mercury 
flows  to  the  opposite  end  to  allow  the  metallic  mercury  to  bridge 
across  the  tube,  thus  establishing  a  complete  circuit  from  the  negative 
end  to  the  positive  end  of  the  tube.  Now,  when  this  merciuy  bridge 
breaks,  a  small  arc  is  started  which,  as  the  mercury  separates  further, 
fills  the  whole  tube — this  is  the  merciuy  vapor  arc.  Apparently  the 
n^ative  or  mercury  electrode — ^for  this  one  is  responsible  for  the  de- 
scribed method  of  starting — is  offering  a  considerable  opposition  to 
the  passage  of  current  imtil  it  is  broken  down  by  an  arc,  for  otherwise 
the  current  would  readily  flow  when  throwing  on  the  switch.  This 
singular  property  of  the  negative  electrode  is,  as  you  will  later  see, 
the  fundamental  principle  on  which  the  converter  operates. 

This  lamp  has  a  great  many  strong  points  which  are  making  it  an 
important  factor  in  commercial  lighting  propositions.  Its  most  ob- 
vious advantages  are — 

(1)  Economy  in  power  consumption.  This  lamp  furnishes  700  c.p. 
of  light,  while  its  total  consumption  of  energy,  including  balance  re- 
sistance, is  about  380  watts,  or  0.55  watt  per  c.p.  Incandescent  lamps 
take  3.5  watts  per  c.p.,  or  six  and  one-half  times  the  power  of  a  Hewitt 
lamp  per  c.p.  The  best  arcs  take,  as  far  as  I  know,  twice  as  much 
power  per  candle  as  a  merciuy  vapor  lamp.  You  can  imagine  what 
a  big  saving  this  lamp  will  afford,  especially  where  a  great  deal  of 
light  is  needed. 
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(2)  Now  consider  that  in  many  cases  700  c.p.  of  the  mercur}^  vapor 
lamp  will  do  the  work  of  the  very  many  more  candles  of  an  arc,  and  that 
is  on  account  of  the  diffusion  of  this  700  c.p.  over  a  length  of  45  inches. 
If  you  would  gaze  at  the  same  amount  of  light  you  have  in  one  of  these 
tubes  in  an  arc,  you  would  readily  notice  the  difference  between  the 
two  lights.  The  arc  would  bUnd  your  eyes  very  much  more  than  this 
does.  The  diffusion  of  light  is  most  important  in  all  illuminating 
problems,  and  the  following  data  will  show  you  what  good  results  the 
lamp  has  furnished  in  several  actual  installations  in  New  York  city. 

One  of  them  is  the  storage  battery  hall  of  the  New  York  Trans- 
portation Company.  This  room  was  formerly  lighted  by  14  five- 
ampere  arcs,  taking  70  amperes  at  115  volts.  The  illumination  was 
poor,  and  the  fumes  from  the  batteries  interfered  considerably  \%ith 
the  proper  operation  of  the  mechanism  of  the  arcs.  It  was,  in  fact, 
necessary  to  remove  the  mechanism  from  the  hood  of  the  lamp  and 
place  it  under  separate  covers.  Ten  mercuty  vapor  electric  lamps 
having  been  installed,  have  not  only  reduced  the  current  to  one-half 
of  that  formerly  required,  but  they  have  also  eliminated  all  troubles 
previously  experienced.  The  room  is  302  feet  long,  42  feet  wide,  and 
20  feet  high,  and  is  now  splendidly  lighted  at  all  points. 

Another  installation  is  the  illumination  of  a  large  pier  in  New  York 
where  ships  are  loaded  and  unloaded  during  the  night.  The  pier  is 
491  feet  long,  75  feet  wide,  and  there  is  a  distance  of  81  feet  between 
the  lamps.  Six  lamps  illuminate  this  pier  to  such  an  extent  that 
every  letter  and  mark  on  every  single  box,  even  in  the  furthest  comer, 
is  clearly  distinguishable. 

A  typical  installation  is  in  the  press-rooms  of  one  of  the  largest  New 
York  publishing  companies.  Here  each  of  the  big  presses  is  lighted 
by  one  short  lamp  at  each  end  of  the  press,  the  two  short  lamps  bemg 
in  series  and  equivalent  to  one  long  lamp  in  candle  power  and  current 
consumption.  I  could  mention  numerous  other  places  where  mercuri' 
vapor  lamps  are  successfully  operating  at  the  present  time.  The  suc- 
cess of  these  installations  with  so  comparatively  few  lamps  lies  largely 
in  the  fact  that  the  light  is  so  well  diffused  and  that  it  casts  practically 
no  shadows. 

I  should  like  to  give  you  some  figures  showing  the  number  of  lamps 
generally  recommended  for  a  given  area. 

In  drafting  rooms  one  long  lamp  will  light  about  300  to  400  square 
feet.  In  business  offices  one  long  lamp  might  do  for  500  to  600  square 
feet.     In  factor}^  buildings  even  more  space  may  be  sufficiently  lighted 
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by  one  lamp.  Each  case  of  actual  installation  should  be  individuaUy 
considered,  for  much  depends  upon  the  character  of  the  work  done, 
the  height  of  room,  color  of  ceiling  and  walls,  etc. 

(3)  But  there  is  another  strong  feature  in  the  lamp  which  has  helped 
to  accomplish  good  results — its  color.  You  may  possibly  take  this 
statement  with  some  skepticism.  The  color  is  certainly  not  beautiful, 
but  it  has  all  the  elements  that  make  it  desirable  for  a  man  who  wants 
to  see,  rather  than  to  be  looked  at.  As  a  matter  of  fact,  it  lacks  the 
red  rays  which  are  the  most  tiring  and  harmful  for  the  eyes.  While 
it  is  obvious  that  for  esthetical  lighting  and  for  matching  colors  the 
lamp  is  not  feasible,  it  has  conclusively  been  established  that  the  color 
of  the  light  is  superior  to  the  color  of  any  other  artificial  illuminant 
known,  as  far  as  ease  on  the  eye  is  concerned. 

(4)  A  feature  that  will  appeal  to  all  men  who  have  used  arc  lamps 
is  the  fact  that  the  mercury  vapor  lamp  needs  no  attendance  what- 
ever when  once  installed,  as  it  needs  no  trimming,  and,  there  being 
virtually  no  mechanism  attached  to  it,  it  is  not  liable  to  get  out  of 
order.    It  will  take  complete  care  of  itself. 

The  widest  field  of  application  for  the  lamp  lies  imdoubtedly  in 
the  lighting  of  drafting  rooms,  offices,  factories,  and  workshops,  where  a 
well-diflfused  light  is  needed,  casting  as  few  shadows  as  possible,  and 
where  the  saving  in  power  consumption  is  an  important  item;  but 
there  is  another  large  field  of  application  for  the  lamp  in  photographic, 
photoengraving,  and  blue-printing  work.  The  lamp  has  also  made  it 
possible  to  take  kinematographic  or  moving  pictures  of  places  which 
were  previously  inaccessible  for  this  art.  The  superiority  of  the  lamp 
in  all  these  branches  lies  in  the  fact  that  it  is  rich  in  actinic  or  chemical 
rays,  so  that  its  apparent  weak  point  of  color  or  spectral  composition 
becomes  its  strongest  points  in  these  fields  of  application.  Photogra- 
phers and  photoengravers  have  rapidly  become  accustomed  to  the 
lamp,  and  many  of  them  are  using  it  entirely  in  their  workrooms. 
This  may  have  been  sufficient  to  give  you  a  superficial  idea  of  the 
principles  and  applications  of  the  mercury  vapor  lamp. 

I  shall  now  briefly  discuss  the  principle  on  which  the  converter 
operates.  Its  work  is  the  transformation  of  alternating  current  into 
direct  current.  As  previously  stated,  the  action  of  the  converter  is 
broadly  based  on  certain  peculiarities  of  the  negative  electrode  of  a 
mercury  vapor  container.  You  saw  in  the  lamp  that  the  tube  would 
not  Ught  by  itself  when  the  switch  was  at  first  thrown  on.  It  seems 
as  though  the  mercury  electrode  had  a  skin  on  its  surface,  which  had 
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to  be  punctured  by  an  arc  before  the  current  could  flow  through  the 
tube  without  obstruction.  If  the  supply  current  had  been  turned  oS 
for  only  a  fraction  of  a  second,  the  lamp  would  have  reestablished  its 
initial  starting  resistance,  which  would  have  necessitated  a  new  starting 
by  tilting.  On  alternating  current  this  lamp  would  not  have  operated 
for  the  following  reasons: 

Alternating  current  is  a  current  which  changes  its  direction  at  fre- 
quent intervals,  say  120  times  a  second,  and,  of  course,  in  doing  so 
the  current  passes  through  a  zero  value  120  times  a  second,  and  the 
lines  change  their  polarity  just  as  often.  If  we  had  started  the  lamp 
on  alternating  current  by  some  means  it  might  have  flashed  up  for 
an  instant,  but  would  not  have  continued  for  even  a  second,  for  as  the 
supply  circuit  reversed  its  polarity  the  upper  electrode  would  have 
had  to  run  as  a  negative  with  the  mercury  electrode  as  a  positive 
relatively  to  it.  But  what  was  stated  in  regard  to  the  initial  sur- 
face resistance  of  a  negative  electrode  for  mercury  holds  true  for 
iron,  and  the  lamp  would  not  have  started  to  run  on  reversed  current 
unless  the  upper  electrode  had  been  started  as  a  negative  by  a  zero 
arc.  Thus  the  lamp  would  have  gone  out  as  soon  as  the  ciurent  had 
reversed  its  direction.  Imagine,  however,  that  the  lamp  had  been  pro- 
vided with  two  positive  electrodes  at  the  upper  end  instead  of  one, 
and  that  it  was  connected  to  an  alternating  current  circuit,  as  shown 
in  the  chart.     Let  us  analyze  what  might  have  taken  place  then. 

At  a  given  instant  current  may  be  assumed  to  have  the  direction 
indicated  by  arrow,  and  would  thus  have  entered  into  electrode  P-1, 
passed  through  the  lamp  and  through  the  same  resistance  and  in- 
ductance we  had  in  circuit  before,  and  out  through  the  winding  of  the 
autotransformer  back  into  the  supply  circuit.  This  current  will  con- 
tinue to  flow  as  long  as  the  pupply  has  the  indicated  polarity.  As 
soon  as  the  supply  reverses  the  direction  this  current  through  P-1  will 
cease  to  flow,  but  there  will  be  a  new  path  to  the  current  through  the 
lamp  as  follows : 

Current  will  flow  to  electrode  P-2,  through  the  converter,  the  re- 
sistance, and  inductance,  and.  through  the  auto-winding  back  into 
the  supply  circuit.  Thus  there  will  be  a  continuous  flow  of  current 
through  the  lamp,  which  will  give  a  steady  light,  similar  to  the  direct 
current  lamp  previously  discussed.  Now  consider  the  nature  of  the 
current  in  the  resistance  in  series  with  the  negative  electrode.  All 
current  which  is  admitted  through  the  tube  has  the  same  direction, 
as  it  is  all  flowing  from  the  positive  to  the  negative.     That  means  we 
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get  a  direct  current  in  our  series  resistance.  If  the  supply  voltage  had 
been  comparatively  high,  and  the  voltage  drop  across  the  lamp  com- 
paratively low,  then  the  voltage  across  the  series  resistance  would  have 
been  almost  equal  to  the  supply  voltage,  the  current  in  the  series 
resistance  being  imidirectional.  This  line  of  thought  has  led  to  the 
development  of  the  converter.  The  converter  may  be  a  glass  globe 
6  to  9  inches  in  diameter,  with  two  positive  electrodes  and  one  mercury 
puddle  serving  as  a  negative  electrode.  Alternating  current  of  almost 
any  voltage  may  be  put  through  the  converter,  and  a  corresponding 
direct  current  voltage  will  be  obtained  between  the  negative  electrode 
of  the  converter  and  the  middle  point  of  the  transformer.  The  con- 
verter is  so  designed  that  the  voltage  drop  across  its  terminals  does 
not  exceed  10  to  14  volts  on  all  circuits,  so  that  the  efficiency  of  the 
total  converter  transformation  depends  entirely  upon  the  voltages 
transformed.  Thus  the  efficiency  becomes  very  high,  say  98  to  99 
per  cent.,  on  the  transformation  into  1000  volts  direct  current.  Re- 
markable it  must  seem  to  every  one  who  considers  this  newly  invented 
apparatus,  with  what  a  small  and  light  apparatus  the  transformation 
is  accomplished.  Rotary  converters,  which  are  now  generally  used 
for  transforming  alternating  current  into  direct  current,  are  incompara- 
bly heavier  and  more  complicated  machines  than  this  converter.  For 
instance,  a  rotary  converter  for  a  capacity  of  5  kilowatts  at  500  volts 
weighs  1000  pounds,  while  the  mercury  vapor  converters  of  corre- 
sponding capacity  may  weigh  only  8  pounds.  This  saving  in  weight 
and  material  on  the  part  of  the  converter  is  so  surprising  that  it  may 
occur  to  you  to  ask,  ''Will  the  mercury  vapor  converter  replace  the 
rotary  converter?"  To  this  question  I  can  only  answer  that  I  do  not 
know.  The  principle  of  the  vapor  converter  is  so  broad  that  there 
is  no  theoretic  limitation  to  its  general  use.  It  will  operate  on  all 
possible  phase  combinations  now  used  in  practice — on  single  phase, 
two  phase,  and  three  phase  circuits. 

The  mechanical  problems  which  the  practical  converter  has  to  solve 
are  the  maintenance  of  a  good  vacuum  in  the  container  and  a  means 
of  dissipating  the  heat  generated  due  to  the  energy  loss  in  the  con- 
verter. A  number  of  converters  have  continually  been  operated  with 
currents  up  to  30  amperes  D.  C,  and  these  have  transformed  on  240 
volts  direct  current  7  kilowatts  of  energy.  Such  a  converter  is  about 
the  size  of  a  good-sized  football,  and  does  not  weigh  very  much  more. 
The  capacity  of  the  converter  depends,  unlike  that  of  the  rotary  con- 
verter, virtually  only  on  the  current  strength  and  not  on  the  voltage 


120  Von  Keller — Mercury  Vapor  Apparatus. 

transformed.  Thirty  amperes  is  by  no  means  the  limit  of  current 
capacity,  but  it  will  have  to  be  demonstrated  up  to  what  ca]>acity 
one  container  is  practical  and  whether  it  will  be  more  feasible  to  operate 
a  nmnber  of  converters  in  parallel  on  higher  currents.  Alternating 
current  is  generated  in  a  great  many  power  plants,  and  transformed 
into  direct  current  at  the  place  it  is  being  utilized.  In  the  west  and 
at  Niagara  Falls,  as  well  as  in  many  big  cities  in  the  world,  alternating 
current  is  conducted  over  lines  sometimes  several  hundred  miles,  and 
transformed  into  direct  current  to  be  used  for  lighting,  for  power,  and 
for  operating  electric  railway  systems.  In  many  cities  only  alternating 
current  is  available,  and  direct  current  apparatus  cannot  be  used.  By 
insertion  of  a  converter  a  man  might  be  able  to  run  his  direct  current 
motor  in  such  cases.  Storage  batteries  are  always  charged  with  direct 
current,  so  the  insertion  of  a  converting  apparatus  will  always  be 
necessary  where  only  alternating  current  is  available.  Thus  you  see 
there  is  a  wide  field  which  may  eventually  be  commanded  by  the 
mercury  vapor  converter. 

I  am  sorry  that  I  am  not  able  to  demonstrate  the  converter  to  you 
at  this  time.     It  is  not  yet  on  the  market. 

The  mercury  vapor  discharge  gap,  frequently  called  '*  interrupter." 
operates  on  the  following  principle : 

As  you  saw  in  the  lamp,  the  negative  electrode  opposes  the  flow  of 
current  until  the  lamp  has  been  started.  However,  had  the  voltage 
across  the  lamp  been  sufficiently  high,  say  10,000  volts,  the  initial 
resistance  would  have  been  overcome  and  current  would  have  been 
able  to  flow  freely  without  the  special  starting  of  the  lamp.  Now  it 
is  necessary,  in  the  production  of  x-rays  and  in  wireless  telegraphy, 
to  have  extremely  sudden  periodic  discharges  of  current  through  the 
wave-producing  apparatus,  and  these  discharges  are  furnished  by  the 
insertion  of  a  discharge  gap  in  the  circuit  of  the  wave-producing 
apparatus,  from  an  alternating  current  supply  of  high  voltage.  This 
alternating  current  is  constantly  changing,  and  may  change  from  a 
maximum  to  a  zero  value  at  the  rate  of,  say,  120  times  a  second.  If 
the  supply  voltage  is  high  enough,  the  negative  electrode  resistance 
of  the  discharge  gap  is  broken  down  whenever  the  alternating  current 
supply  reaches  a  high  value  during  its  periodic  change.  The  current 
then  flows  freely  through  the  wave-producing  apparatus,  but  ceases 
to  flow  as  soon  as  the  supply  voltage  has  again  dropped  to  a  low  value. 
One  is  surprised  to  find  how  rapidly  the  mercury  electrode  responds 
to  these  extremely  rapid  periodic  changes  of  voltage,  but  it  has  been 
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established  in  a  series  of  actual  tests  that  the  discharges  through 
the  wave-producing  circuit  become  very  sudden  and  highly  efficient 
through  the  insertion  of  a  mercury  vapor  discharge  gap.  The  inter- 
rupter presents  the  following  advantages  over  an  air  spark  gap,  which 
is  now  commonly  used  to  produce  these  sudden  discharges.  It  is  not 
subject  to  any  kind  of  deterioration,  as  there  are  no  metal  surfaces 
to  corrode  or  to  bum  off.  The  discharge  is  more  sudden,  and  there  is 
less  opposition  to  the  passage  of  the  current  after  the  initial  resistance 
has  been  broken  down,  so  that  the  waves  emitted  become  more  distinct 
by  use  of  the  vapor  discharge  gap.  This  little  tube  prevents  such  an 
interrupter.  You  see  it  is  a  small  glass  container,  which  is  piunped 
to  a  high  degree  of  vacuum.  Its  two  electrodes  are  both  metallic 
mercury.  It  requires  about  10,000  volts  to  break  down  the  small 
space  between  the  mercury  puddles,  but  only  about  14  volts  are 
necessary  to  maintain  the  flow  of  a  continuous  current  after  the  current 
has  once  been  started.  On  shaking  the  mercury  up  in  the  tube  you 
will  notice  that  a  clicking  sound  is  emitted.  This  shows  that  there  is 
a  high  degree  of  vacuum  in  the  tube. 

The  alternating  current  switch  is  a  very  similar  apparatus;  in  fact, 
this  very  tube  could  be  used  as  such.  One  has  to  go  to  quite  elaborate 
mechanical  apparatus  to  allow  the  opening  and  closing  of  alternating 
current  circuits  of  high  currents  and  voltages.  The  mercury  vapor 
switch  is,  compared  with  such  mechanical  switching  apparatus,  a  very 
simple  contrivance.  Suppose  this  tube  contained  more  mercury,  so 
that  in  the  upright  position  the  mercury  could  form  a  bridge,  making 
a  metallic  connection  between  the  two  electrodes.  To  connect  the 
tube  as  a  switch  I  should  lead  the  current  into  one  electrode  and  out 
the  other.  The  mercury  then  would  conduct  the  current  through  the 
space  between  the  electrodes.  Now,  if  we  should  want  to  open  the 
circuit,  we  should  have  to  tilt  the  tube  in  such  a  position  that  the 
merciiry  would  sever  and  the  bridge  would  break.  At  the  instant  of 
the  break  the  current  may  have  the  direction  from  the  left  to  the  right 
electrode.  For  the  instant  the  small  vapor  column  will  be  formed 
maintaining  the  flow  of  current,  but  this  conduction  lasts  only  until 
the  current  reverses  its  direction,  that  is,  perhaps  one  one  hundred 
and  twentieth  of  a  second.  Then  the  same  thing  takes  place  as  in 
the  converter  and  interrupter,  namely,  on  reversal  of  the  alternating 
current  the  initial  surface  resistance  of  the  mercury  is  reestablished, 
current  ceases  to  flow,  and  the  circuit  is  now  broken  finally.  Thj*' 
little  tube  is  not  designed  as  a  switch,  but  if  it  contained  more  mercu 
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and  had  heavier  seals,  it  might  do  for  opening  and  closing  30  to  50 
amperes  at  10,000  volts.  A  mechanical  switch  to  accomplish  as  clean 
a  break  as  this  mercury  vapor  switch  would  have  to  have  a  stroke 
between  contact  points  of  more  than  a  foot,  would  weigh  very  much 
morej  and  be  very  much  more  complicated  apparatus.  Such  a  switch 
may  be  designed  to  carry  any  desired  current. 

I  have  described  these  apparatus  as  mercury  vapor  apparatus.  You 
will  often  hear  them  referred  to  as  the  Cooper  Hewitt  lamp,  the  Cboper 
Hewitt  converter,  and  so  on.  Most  of  the  principles  of  the  merciu^k' 
vapor  conduction  were  invented  by  Mr.  Peter  Cooper  Hewitt,  of  New 
York,  and  he  was  certainly  the  first  one  who  made  the  operation  of 
the  mercury  vapor  lamp  possible  for  commercial  purposes.  Mr.  Hewitt 
is  an  inventor  of  exceptional  creative  genius,  and  has  spent  many  years 
m  careful  research  in  the  principles  of  mercury  vapor  conduction. 
The  principles  underlying  the  vapor  apparatus  are  so  radically  new 
that  physicists,  as  well  as  technical  men  all  over  the  world,  have 
manifested  considerable  interest  in  the  problems  pi-esented,  and  the 
public  is  more  and  more  taking  advantage  of  the  inventions.  The 
concern  which  is  manufacturing  some  and  developing  others  commer- 
cially is  the  Cooper  Hewitt  Electric  Company  of  New  York. 

DISCUSSION. 

Henry  H.  Quimby. — When  the  mercury  flows  along  the  tube  and  reaches 
the  other  end,  does  it  not  form  a  short  circuit? 

Mr.  Von  Keller. — There  is  not  enough  mercury  for  that.  There  i«  only 
about  one  pound.  It  is  contained  in  the  condensing  chamber  of  the  lamp  dur- 
ing the  operation.  The  mercury  evaporates  and  condenses  on  the  surface  of 
the  condensing  bulb,  so  that  there  is  a  constant  pressure  of  vapor  in  the  lamp 
at  all  times.  The  size  of  this  condensing  chamber  has  been  the  result  of  very 
careful  investigation.  A  German  professor  named  Aarons  operated  a  mercury 
vapor  lamp  ten  or  twenty  years  ago,  but  did  not  have  any  condensing  cham- 
ber to  it,  so  the  heat  generated  in  the  lamp  brought  the  pressure  of  the  vapor 
up  to  such  an  extent  that  the  lamp  would  require  a  very  high  voltage  to  maintain 
current.  Over  a  certain  range  of  current — say,  between  two  and  four  amperes 
^-our  lamp  requires  a  practically  constant  voltage  across  its  terminals.  At 
four  and  one-half  amperes  the  lamp  voltage  begins  to  rise  very  rapidly,  for  there 
ia  not  enough  cooling  surface  in  the  lamp  to  dissipate  the  en6rg>'^  corresponding 
to  an  abnormally  high  current  of  4.5  amperes  lost  in  the  lamp. 

George  C.  Davis. — Is  there  any  trouble  from  tubes  cracking? 

Mr.  Von  Keller. — The  seals  are,  undoubtedly,  the  weakest  part  of  the  lamp, 
and  these  have  to  be  carefully  designed  to  prevent  cracking. 

The  degree  of  vacuum  maintained  in  the  lamps  is  a  very  high  one.  There 
is  perhaps  one  one-millionth  part  of  foreign  gas  in  the  whole  lamp,  compared 
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to  the  volume  of  the  mercury  vapor,  and  that  makes  tightness  of  the  seals  moot 
important.  The  seals  have  cracked,  but  as  the  lamp  stands  now,  they  will  not 
crack  unless  through  overcurrent  or  careless  handling. 

W.  C.  L.  Eglin. — How  is  the  candle  power  determined?  How  is  the  con- 
verter started,  and  how  are  the  lamps  packed  for  shipment? 

Mb.  Von  Kbller. — The  candle  power  is  quite  a  hard  thing  to  determine. 
Tlie  lamps  have  been  measured  against  all  conceivable  sources  of  light — in- 
candescent lamps,  arc  lamps,  etc.  The  candle  power  given  (700)  is  the  measure- 
ment as  against  an  average  of  arcs,  incimdescents,  and  other  sources  of  light. 
I  do  not  think  there  is  any  photometer  that  will  give  an  accurate  measurement 
of  this  light  for  absolute  candle  power. 

The  converter  is  usually  started  by  tilting  it  until  the  mercury  bridges  across, 
tile  negative  and  a  supplementary  starting  electrode,  connected  through  resist- 
ance to  a  positive  electrode,  and  then  opening  this  bridge  connection.  The 
small  arc  thus  started  aUows  a  free  passage  of  current  between  the  negative  and 
positive  electrode.  Starting  a  converter  is  electrically  possible  only  when  the 
negative  electrode  be  broken  down  as  such — i.  e.,  at  the  instant  an  arc  is  drawn 
between  the  negative  electrode  and  the  supplementary  starting  electrode,  the 
current  in  this  arc  must  l>e  of  such  an  alternation  and  direction  as  to  make  the 
negative  electrode  act  as  a  negative.  From  this  it  can  be  readily  understood 
that  the  chances  of  the  starting  by  this  method  are  at  best  1  to  2.  I  have  spoken 
of  an  indiictance  in  series  with  the  D.  C.  lamp.  An  inductance  is  also  necessary 
in  an  A.  C.  lamp  and  converter.  Not  only  does  this  inductance  perform  the 
function  of  holding  the  negative  electrode  broken  down  during  the  periodic 
kicks,  but  it  also  stores  and  supplies  energy  in  such  a  way  as  to  maintain  an 
absolutely  continuous  flow  of  current  in  the  converter.  It  may  readily  be  seen 
that  without  the  inductance  current  would  not  flow  in  the  converter  circuit 
diuring  the  period  in  which  the  instantaneous  A.  C.  voltage  does  not  exceed  the 
necessary  voltage  drop  across  the  converter — that  is,  during  the  lowest  voltage 
period  of  each  alternation  the  current  would  cease  to  flow,  were  it  not  for  this 
inductance.  Now  in  starting,  not  only  must  the  alternation  be  in  the  right 
direction,  but  it  must  also  occur  at  a  period  which  gives  the  impressing  voltage 
time  enough  to  store  a  sufficient  amount  of  energy  to  maintain  current  during 
the  low  voltage  period  of  the  alternation. 

As  far  as  shipping  is  concerned,  the  seals  of  the  lamp  are  subjected  to  a  strain 
during  transportation  by  the  weight  and  the  sudden  knocks  of  mercury  against 
them.  At  the  end  of  the  lamp  is  a  flange  which  prevents  the  mercury  from 
running  up  against  the  seal.  If  there  were  no  flange,  the  bang  of  the  mercury 
in  tilting  up  the  lamp  would  be  sufficient  to  crack  the  seals  in  most  cases.  The 
tube  itself  is  not  liable  to  crack  from  the  mercury.  With  the  amount  of  mer- 
cury we  have  at  present  in  the  lamp  and  the  flange  protection  there  is  very  little 
liability  of  cracking  in  shipment. 

A  Mkmbkr. — Does  temperature  affect  the  operation  of  the  lamp? 

Mr.  Von  Ksller. — It  does  to  some  extent.  The  condensing  chamber  is  so 
designed  as  to  hold  the  vapor  pressure  in  the  lamp  at  a  certain  value,  at  which 
the  candle  power  is  a  maximum  as  compared  with  the  current  consumption.  A 
low  temperature  (very  low  temperature)  will  cut  the  candle  power  down.  The 
candle  power  increases  with  the  pressure  of  vapor  in  the  tube  over  a  wide  range 
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of  current,  so  that  the  higher  the  outside  temperature,  the  higher  the  pressure 
and  the  higher  the  candle  power.  We  operate  these  lamps  outdoors.  I  think 
they  operate  satisfactorily  down  to  zero  (Centigrade),  and  we  have  them  in  boiler 
rooms  which  run  up  to  45**  Centigrade. 

This  special  design  of  lamp  will  operate  over  a  range  from  «ero  to  45°  without 
any  considerable  variation  in  candle  power.  I  believe  it  is  understood  that  the 
lower  the  temperature,  the  less  light  you  will  get.  I  would  like  to  put  some  of 
those  lights  out  for  a  short  while  to  demonstrate  that  they  will  start  bluish  and 
with  a  small  candle  power.  We  will  have  to  leave  them  out  for  five  or  ten  min- 
utes. This  is  due  to  the  low  pressure — the  low  temperature  in  the  lamp  at  the 
start. 

Wm.  McClellan. — We  have  experimented  somewhat  with  these  tubes  at 
the  University  of  Pennsylvania.  They  get  so  hot  with  a  current  of  four  amperes 
that  you  cannot  touch  them  with  the  hand.  How  do  you  dissipate  the  energy 
when  you  use  600  amperes.  If  the  lamp  has  normal  voltage  it  bums  just  as 
you  have  described.  When  the  lamp  is  turned  on,  the  current  makes  a  sudden 
jump  to  12  amperes,  and  then  falls  immediately  to  about  3.5  amperes.  If  the 
voltage  is  low,  say  5  per  cent.,  the  voltage  seems  to  gradually  rise  as  the  lamp 
warms,  and  the  current  decreases.  Suddenly  the  lamp  goes  out.  At  other  times 
the  voltage,  after  the  first  rush,  seemed  to  slowly  fall,  and  the  current  rise  imtil 
a  steady  value  was  reached.  We  found,  apparently,  a  certain  critical  current 
of  about  2.9  amperes.  Sometimes  the  current  would  fall  to  this  value,  and  rise 
again,  the  lamp  remaining  lit;  at  other  times  the  lamp  would  go  out  at  this 
current.  This  seemed  sure  to  happen  if  the  lamp  were  cold,  and  usually  ceased 
when  the  lamp  was  heated.     What  is  the  cause  of  this  action? 

Mr.  Von  Keller. — Had  you  other  trouble  with  the  lamp?  Did  it  go  out 
quite  often. 

Mr.  McClellan. — Yes,  it  did.  Moreover  the  lamp  goes  out  instantly  on 
breaking  the  circuit,  as  we  found  once  when  we  had  a  loose  connection,  which 
caused  the  lamp  to  go  out  every  time  it  was  jarred. 

Mr.  Von  Keller. — I  shall  have  to  give  you  a  few  technical  points  about  the 
lamp  later  on.  I  shall  now  just  explain  this:  When  the  lamp  is  started  cold, 
the  pressure  of  the  vapor  is  low,  and  the  voltage  consequently  being  low,  the 
resulting  current  is  high.  As  the  lamp  warms  up  the  pressure  and  the  voltage 
across  the  lamp  increase  and  the  current  instantly  drops,  but  during  this  period 
there  is  a  relatively  high  voltage  on  the  positive  electrode,  which  drops  more 
slowly  than  the  vapK)r  voltage  rises,  so  that  at  a  certain  period  there  is  a  voltage 
across  the  lamp  which  is  higher  than  the  final  value  reached.  This  high  voltage 
at  the  period  mentioned  causes  a  decrease  in  current  as  against  the  final  current, 
and  on  this  decreased  current  the  lamp  may  go  out  under  certain  circumstances. 
Every  lamp  will  show  this  current  change  during  the  starting  period,  but  when 
conditions  are  right,  the  lamp  will  not,  under  any  circumstances,  go  out  during 
this  period,  and  your  trouble  has  been  due  only  to  local  difficulties  in  the  circuit 
which  can  easily  be  overcome. 

Mr.  McClellan. — Is  there  any  reason  for  a  slight  browning  of  the  tubes? 

Mr.  Von  Keller. — Yes,  the  candle  power  deteriorates  somewhat.  Your 
tube  gets  slightly  bronzed. 

The  President. — What  makes  it  brown? 
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Mr.  Von  Keller. — Probably  the  glass  is  attacked  by  the  mercury. 

H.  Clyde  Snook. — How  long  do  the  lamps  run  before  they  have  to  be  re- 
newed? 

Mr.  Von  Keller. — There  is  no  definite  life  to  the  lamp  at  all.  We  have 
lamps  in  the  office  that  have  been  running  twelve  to  fifteen  thousand  hours 
showing  about  10  to  15  per  cent,  depreciation.  There  is  no  reason  why  the  lamp 
should  not  run  indefinitely.  I  think  the  way  incandescent  lamps  are  rated  is 
this:  you  call  the  life  the  number  of  hours  until  the  candle  power  has  dropped 
down  to  80  per  cent,  of  the  original  value.  According  to  that  you  can  rate  our 
lamps  at  one  thousand  hours.  Then  it  will  drop  down  20  per  cent,  with  some 
lamps.  On  others  it  will  not.  But  unless  the  lamp  be  smashed  or  cracked,  it 
will  run  indefinitely. 

Mr.  Snook. — What  happens  when  the  current  goes  through  the  lamp  in  the 
wrong  direction? 

Mr.  Von  Keller. — If  both  electrodes  were  mercury,  there  would  not  be  any 
reason  for  observing  a  pK)larity  on  the  lamp.  We  could  run  the  lamp  in  both 
directions.  But  you  will  notice  in  this  lamp  a  bright  spot  running  around  the 
surface  of  the  mercury.  That  is  the  spot  where  the  current  emerges  from  the 
mercury.  This  spot  is  concentrated  heat  and  iron  will  not  stand  it.  The  lamp 
will  run  in  the  wrong  direction  for  a  short  whilp,  but  the  positive  electrode  will 
soon  give  off  enough  gas  to  spoil  the  vacuum  and  to  make  running  impossible. 

Mr.  Schumann. — Is  the  reservoir  made  of  cast  iron? 

Mr.  Von  Keller. — No,  sir,  it  is  all  glass. 

Mr.  Klauder. — Can  that  principle  of  converter  be  used  to  make  an  alterna- 
ting current  lamp? 

Mr.  Von  Keller. — It  has  been  used.  The  alternating  current  lamp  gives 
a  very  steady  light.  The  induction  in  series  with  the  lamp  stores  and  supplies 
energy  enough  to  almost  entirely  smooth  out  the  fluctuations  of  the  current 
wave. 

Mr.  Klauder. — There  seems  to  be  a  little  pulsation  which  is  not  seen  in  the 
direct  current  lamp. 

Mr.  Von  Keller. — That  is  on  account  of  the  spot  dancing  around  on  the 
negative  electrode.     There  is  no  flickering  in  the  vapor. 

Mr.  Snook. — When  the  current  was  low,  it  seemed  to  flicker  a  little. 

Mr.  Von  Keller. — Yes,  when  the  current  is  low  there  is  enough  pulsation 
of  the  current,  due  to  the  negative  electrode,  to  be  perceptible  to  the  eye. 

Mr.  Snook. — Did  you  say  anything  about  the  energy  in  that  600  ampere  con- 
verter? 

Mr.  Von  Keller. — I  was  not  talking  about  a  600  ampere  converter;   I  was 
talking  about  the  switch.     In  your  switch  you  simply  have  to  conduct  the  cur- 
rent through  the  solid  mercury,  while  in  the  converter  yo it  luivr  a  (linVruni  Uih» 
— a  vapor  resistance  loss.     In  your  switch  you  have  only  yoni  uliiiiic  1*>m».    Uoom 
verters  have  operated  up  to  30  amperes.  ^^ 

The  President. — How  can  you  get  600  amperes  through  tUr  g\amf'w 

Mr.  Von  Keller. — We  had  platinum  plates  and  big  coppi^r  pleoea 
to  them. 

W.  C.  L.  Eglin. — Will  your  switch  break  600  amperos,  at  mj  10,000 

Mr.  Von  Keller. — I  do  not  doubt  that  a  switch  can  be  Ijuilt  which  wi 
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600  amperes  at  10,000  volts.  It  has,  however,  never  been  done,  as  far  as  I  know, 
and  I  should  not  like  to  say  what  will  happen.  From  mere  speculation  I  should 
say  that  the  condition  of  10,000  volts  would  not  involve  any  more  serious  diffi- 
culties than  a  voltage  of  100.  As  far  as  has  been  demonstrated  up  to  the  present, 
the  negative  electrode  in  a  vapor  switch  is  true  to  the  principles  under  which  it 
operates  in  a  converter,  namely,  of  having  a  high  break-down  resistance  and 
readily  reestablishing  the  same  at  the  instant  the  current  ceases. 

Mr.  Eolin. — In  a  particularly  small  tube  is  there  any  danger  from  high  volt- 
age? 

Mr.  Von  Keller. — There  is  a  limit. 

Mr.  Eolin. — What  would  be  the  distance  between  the  terminals  in  a  10,000 
volts  switch? 

Mr.  Von  Keller. — We  would  make  it  probably  two  inches.  The  only  thing 
which  would  determine  it  would  be  leakage  of  current  across  the  glass.  As  far 
as  the  operation  of  the  negative  electrode  is  concerned,  the  distance  between 
terminals  has  little  to  do  with  the  operation. 

Mr.  Snook. — When  the  tube  is  cold,  sometimes  there  are  particles  of  mercury 
that  seem  to  stick  to  the  glass.  If  the  switch  were  cold,  would  you  have  to  make 
it  considerably  longer? 

Mr.  Von  Keller. — The  switch  is  somewhat  more  carefully  pumped  than 
the  lamp.  The  switch  has  absolutely  clean  mercury,  and  a  great  deal  of  caution 
is  taken  to  hold  it  clean.  There  is  no  danger  from  that.  I  have  a  photograph 
here  of  one  of  the  press-rooms  of  the  New  York  **  Times,"  which  is  using  these 
lamps.  The  beauty  of  using  the  lamps  in  press-rooms  lies  in  the  fact  that  it 
casts  no  shadows.  They  have  not  been  able  to  use  any  arcs  in  press-rooms  up 
to  the  present  time.  Every  press  you  see  will  have  incandescent  lamps  for  il- 
lumination. The  vapor  lamp  can  be  installed  over  the  press  and  will  cast  no 
shadows.  The  New  York  "Times"  has  mercury  vapor  lamps  and  is  using  no 
incandescents  whatever.  The  presses  are  very  big,  and  are  lighted  by  one  short 
lamp  at  each  end  of  the  press.  They  find  it  a  very  satisfactory'  light,  as  the 
photograph  will  show. 

Wm.  Easby,  Jr. — Is  there  any  way  of  shading  the  lamps  so  as  to  get  a  more 
pleasing  light? 

Mr.  Von  Keller. — No;   except  with  the  particular  silk  I  have  spoken  of. 

Mr.  Easby. — Does  that  cut  off  much  of  the  illumination? 

Mr.  Von  Keller. — Yes,  a  good  deal. 

Mr.  Snook. — When  you  put  that  red  silk  over  the  light,  I  think  you  said  it 
introduced  some  red  rays. 

Mr.  Von  Keller. — It  does  change  the  color  some.  [Exhibiting.]  You  can 
light  the  lamps  now.  Perhaps  they  are  cold.  It  takes  about  two  minutes  for 
them  to  pick  up  the  full  candle  power.  It  is  not  so  intense  as  it  will  be  in  a  short 
while. 

Mr.  Easby. — You  have  not  installed  them  in  any  private  houses  yet? 

Mr.  Von  Keller. — Oh,  yes,  we  have — in  the  Astor  Hotel  in  New  York. 
They  have  them  in  their  winter  garden,  in  addition  to  the  incandescent  lamps. 
We  will  try  the  incandescents  with  the  vapor  lamps  and  you  will  see  what  it 
looks  like.     You  have  a  lot  of  light  and  a  very  pleasing  effect. 

Mr.  Snook. — I  would  like  to  ask   al>out  the  variations  in  the  pressure   of 
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the  vapor  La  the  vacuum  tube,  and  if  Mr.  Von  Keller  will  tell  me  "^y  this  hap- 
pened when  I  attempted  to  use  the  negative  electrode  resistance  in  one  of  the 
ordinary  lamps  to  act  as  an  asymmetrical  resistance  to  cut  out  one  wave  of  an 
alternating  current  curve,  the  maximum  which  I  wished  to  cut  out  being  about 
10,000  to  15,000  voHs,  and  that  which  I  wished  to  use  at  a  voltage  from  60,000 
to  100,000  volts,  my  maximum  current  being  about  one-tenth  ampere?  I  think 
that  the  low  current  was  perhaps  my  trouble. 

Mr.  Von  Keller. — What  happened? 

Mr.  Snook. — It  didn't  break  down  at  all. 

Mr.  Von  Keller. — Our  data  on  breaking  down  voltages  in  vacuum  con- 
tainers are  not  very  complete  yet.  A  very  good  vacuum  will  break  down  at  a 
higher  voltage  than  a  partial  vacuum,  while,  on  the  other  hand,  an  air-space 
still  has  a  higher  break-down  voltage  than  the  best  vacuum.  The  ordinary  in- 
terrupter, with  about  two  inches  between  the  electrodes,  should  break  down  at 
14,000  to  20,000  volts  cold.  The  break-down  voltage  of  a  lamp  may  be  con- 
siderably higher  than  this.  In  the  particular  case  you  had  there  was  no  reason 
for  an  asynunetrical  breaking  down  as  the  current  will  just  as  readily  flow  from 
the  mercury  to  the  iron  as  from  the  iron  to  the  mercury  electrode.  The  action 
may  be  made  asymmetrical  by  binding  a  metallic  band  on  the  outside  of  the  glass 
around  the  electrode  which  is  to  act  as  a  negative,  and  connecting  this  band  to 
a  high  voltage  with  respect  to  its  negative,  so  that  there  is  a  condenser  action 
taking  place  between  the  band  on  the  outside  of  the  glass  and  the  mercury  on 
the  inside,  resulting  in  small  arcs,  which  keep  the  mercury  surface  broken  down 
in  such  a  way  as  to  pass  current  readily  in  one  direction.  I  am  not  ready  to 
say  whether  the  failure  to  break  down  in  your  case  was  due  to  insufficient  cur- 
rent or  to  the  vacuum  in  the  lamp  or  other  conditions. 

Mr.  Snook. — The  breaking-down  voltage  of  the  little  interrupter  is  perhaps 
10,000  to  20,000  volts? 

Mr.  Von  Keller. — Yes,  say  10,000  to  15,000  volts.  It  is  very  sensitive  to 
vacuum  and  to  leakage  over  the  glass  and  to  the  condition  of  the  mercury  sur- 
face. Clean  mercury  globules  will  be  round.  If  there  is  just  a  slight  spot  on 
the  mercury — a  bit  of  dirt — that  may  decrease  the  initial  negative  electrode  re- 
sistance. 

Mr.  Snook. — It  punctures  the  film.  Then  the  pressure  on  the  gas  increases 
immediately  at  the  time  the  negative  resistance  is  broken  down,  and  the  pres- 
sure rises  to  perhaps  a  tenth  of  a  millimeter. 

Mr.  Von  Keller. — Yes,  possibly  a  little  more — about  fifteen  hundredths. 
That  corresponds  to  about  800°  Centigrade  on  the  electrode. 

The  President. — I  would  like  to  know  how  this  cloth  can  acquire  the  red 
rays  when  there  are  no  red  rays  in  the  light.  When  illuminated  by  the  light, 
it  certainly  gives  oflF  red  rays.     Where  do  they  come  from? 

Mr.  McClellan. — I  think  it  is  due  to  the  orange  rays.  Tliere  are  no  red 
rays  in  the  light.  I  was  able  to  find,  with  the  spectroscoi>e,  two  violets,  blu(», 
green,  green-yellow,  and  orange-yellow. 

The  President. — Is  that  a  particular  kind  of  dye  different  from  any  other 
dyes? 

Mr.  Von  Keller. — Yes;   we  had  a  very  hard  time  in  finding  it. 
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The  President. — If  it  does  give  off  red  rays,  it  must  be  a  transformer  of 
wave  lengths,  and  therefore  there  must  be  a  change. 

Mr.  Von  Keller. — There  is  plenty  of  orange  in  the  light. 

Mr.  Pike. — I  was  interested  in  hearing  Mr.  Von  Keller  say  that  the  life  at 
which  the  candle  power  would  not  run  down  more  than  80  per  cent,  was  about 
a  thousand  hours.  What  happens  to  it  after  the  thousand  hours?  Does  it  con- 
tinue to  diminish  in  intensity,  and  if  so,  uniformly,  or  does  it  go  on  at  the  same 
intensity? 

Mr.  Von  Keller. — The  lamp  decreases  the  most  within  the  first  five  hundred 
hours.  After  a  certain  stage  has  been  reached  there  is  no  further  decrease  in 
candle  power  whatever. 

Mr.  Pike. — At  what  voltage  were  you  running  the  transformer  that  you  had 
30  amperes  running  through? 

Mr.  Von  Keller. — We  got  240  volts  out  of  that.  We  had  about  twice  300 
or  600  across  the  positives — 300  really  active  and  300  being  oppressed. 

The  President. — Even  a  person  with  very  fair  and  clean  skin,  when  exposed 
to  this  light,  has  decided  blotches  in  the  face.  I  notice  that  it  is  used  by  photog- 
raphers for  portrait  photography.  Why  is  it  that  these  blotches  are  not  seen 
by  the  camera?    These  photographs  do  not  contain  the  blotches  which  we  see. 

Eugene  D.  Hays. — It  is  due  to  the  red  color.  If  you  will  press  the  hand 
you  will  notice  the  rush  of  blood. 

Mr.  Snook. — Do  you  not  find  a  great  deal  of  difficulty  in  getting  the  gas 
out  of  the  iron  electrodes? 

Mr.  Von  Keller. — Yes;   we  treat  the  iron  electrode  quite  carefully. 

Mr.  Snook. — The  reason  that  you  do  not  use  aluminum  is  that  it  amalga- 
mates? 

Mr.  Von  Keller. — Yes;  and  the  aluminum  seems  to  burn  up.  We  can- 
not use  aluminum. 

Mr.  Snook. — Why  is  one  side  of  the  little  iron  cup  bent  down? 

Mr.  Von  Keller. — That  is  to  catch  the  mercury  at  the  starting.  If  it  were 
not  bent,  you  would  have  to  have  so  much  more  mercury  in  the  lamp. 

Mr.  Foster. — We  have  all  been  interested  in  the  paper.  I  move  that  a  vote 
of  thanks  be  tendered  to  Mr.  Von  Keller  for  his  presentation  of  it.     [Carried.) 
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THE  TORRESDALE  CONDUIT.       ^^ 

JOHN  W.    HILL, 
Chief  Engineer,  Bureau  of  Filtration. 
Read  February  U,  1905. 

[This  paper  was  prepared  upon  request  of  the  Committee  on  Information.] 

The  Torresdale  Conduit,  Contract  No.  14,  Improvement,  Extension, 
and  Filtration  of  the  Water  Supply  of  Philadelphia,  is  a  large  inverted 
siphon  to  conduct  the  filtered  water  from  the  clear-water  basin 
at  Torresdale  to  the  pumping  station  at  Lardner's  Point.  Its 
nommal  capacity  is  300,000,000  gallons  a  day  of  twenty-four  hours, 
with  a  loss  of  head  between  end-shafts  of  8.6  feet,  and  a  mean  velocity 
of  flow  of  5.276  feet  a  second. 

Influent  Shaft  No.  1  is  located  1525.5  feet  south  of  the  center  line 
of  Pennypack  Street,  at  the  Torresdale  filters,  and  from  this  point  the 
conduit  proceeds  upon  city  property,  under  Pennypack  Creek,  and 
through  the  House  of  Correction  grounds  to  Holmesburg  Avenue; 
then  south  on  Eugene  Street,  as  laid  down  on  the  city  plan,  to  its 
intersection  ^nth  Delaware  Avenue;  then  south  on  Delaware  Avenue 
to  effluent  Shaft  No.  11  at  Lardner's  Point  pumping  station.  The  nine 
intermediate  working  shafts  were  distributed  along  the  line  of  work 
at  locations  about  1400  feet  apart,  making  thus  the  average  length 
of  heading  about  700  feet. 

The  depth  of  Shaft  No.  1  at  the  Torresdale  end  of  the  conduit, 
measured  from  the'finished  head,  is  127.39  feet,  and  of  Shaft  No.  11, 
at  Lardner's  Point,  from  same  point  of  measurement,  117.05  feet. 
The  length  of  tunnel  between  end  shafts  is  13,809.2  feet,  and  total 
length  of  water  flow  from  the  center  of  influent  legs  at  Shaft  No.  1 
to  the  center  of  effluent  legs  at  Shaft  No.  11,  al>out  13,968.5  feet. 
The  diameter  of  Shaft  No.  1,  of  the  tunnel  and  the  lower  68.1  feet 
of  Shaft  No.  11,  is  uniformly  10  feet  7  inches  on  the  neat  lines  of 
brickwork.  The  upper  48.9  feet  of  Shaft  No.  11  Is  21  feet  1  inch  in 
diameter. 

The  general  depth  of  the  center  Hne  of  timnel  is  about  1(J0  feet  Ijelow 
ground  level. 

The  filtered  water  is  dra^^Ti  from  the  clear- water  ba.siii  at  Torresdale 
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to  Shaft  No.  1  through  a  concrete  metal  reenforced  conduit  of  horseshoe 
section,  equivalent  in  area  to  a  circle  10  feet  in  diameter,  855  feet  long 
from  the  outlet  of  the  clear-water  basin  to  the  shaft.  This  conduit  is 
connected  with  the  shaft  at  elevation  186.50  T.  D.*  center  line,  through 
two  cast-iron  nozles  bolted  to  the  steel  shell  of  the  shaft,  one  8  feet 
in  diameter,  and  the  other  7  feet  in  diameter,  the  direct  connection 
to  the  conduit  being  made  through  the  larger  nozle.  Each  of  the 
nozles  is  connected  with  the  conduit,  and  the  clear-water  basin  through 
lengths  of  riveted  steel  pipe,  21  feet  long  for  the  8-foot  nozle,  and  14 
feet  long  for  the  7-foot  nozle,  the  steel  pipes  being  enveloped  in  concrete. 

The  effluent  legs  at  Shaft  No.  11  are  respectively  14  feet  and  7  feet 
in  diameter,  of  riveted  steel,  each  28  feet  in  length,  and,  like  the 
influent  legs  at  Shaft  No.  1,  connected  to  the  steel  shell  of  the  shaft 
with  cast-iron  nozles  and  rounded  mouthpieces. 

The  elevations  of  the  conduit  and  connections  with  reference  to 
Torresdale  datum  are  as  follows : 

Head  of  Shafts  Nos.  1  aiid  11, 216.46 

Invert  of  tunnel  at  Shaft  No.  1, 89.07 

Invert  of  tunnel  at  Shaft  No.  11, 99.41 

Center  line  of  tunnel  at  mkilength, 99.49 

Invert  of  8-foot  connection  at  Shaft  No.  1, 182.50 

Invert  of  7-foot  connection  at  Shaft  No.  1, 182.50 

Invert  of  14-foot  connection  at  Shaft  No.  11, 178.00 

Invert  of  7-foot  connection  at  Shaft  No.  11, 178.00 

Floor  clear-water  basin,  Torresdale^ 192.00 

High-water  line,  clear-water  basin,  Torresdale, 207.00 

Invert  of  10-foot  conduit  from  clear-water  basin  to  Shaft  No.  1.  181.50 

Down  to  the  rock  and  for  a  short  distance  into  it,  until  the  shells 
were  sealed,  the  permanent  and  working  shafts  were  made  of  steel 
plate  lined  with  brick.  Below  the  rock  the  permanent  shafts  are 
brick  backed  with  concrete.  The  working  shafts  were  not  thus  lined, 
but  the  rock  left  in  the  condition  found  after  blasting. 

The  bends  at  the  bottom  of  the  shaft  are  entirely  of  concrete,  built 
to  forms  10  feet  7  inches  in  diameter,  on  a  radius  of  center  line  of  15 
feet  9  inches,  finished  with  a  granolithic  surface  one  inch  thick.  The 
tunnel  is  lined  with  hard  bunied  brick  backed  with  concrete. 

The  lining  of  invert  is  everywhere  of  two  courses  of  brick,  laid  to 
templets  on  a  cradle  of  concrete.  The  arch  ring  varies  from  3  to  5 
courses  of  brick,  depending  upon  the  nature  of  the  material  in  the 
roof  of  the  tunnel,  atove  which  concrete  was  packed  up  to  the  rock. 


*T.  D.,  Torresdale  datum,  taken  200  feet  below  city  datum,  or  mean  htph 
water  in  Delaware  River. 


i 


:i:lbuiJ,1    m 


r^***^^.:. 


Plate  I. — Typical  Sections  of  Shafts  No.  1  and  No.  11. 


132  Hill— The  Torresdxde  Conduit. 

and  where,  for  lack  of  space  above  the  arch  ring,  concrete  could  not 
be  placed,  the  voids  were  filled  with  Portland  cement  grout  pumped 
in  imder  about  85  pounds'  pressure  per  square  inch.  The  grout  was 
usually  pumped  through  the  weeper  pipes  set  in  the  brick  masonn' 
to  lead  the  water  from  back  of  the  arch  to  the  interior  of  the  tunnel 
or  shaft. 

Considering  the  carrying  capacity  of  300,000,000  gallons  a  day, 
the  velocity  at  different  points  between  the  clear-water  basin  at 
Torresdale  and  the  pump-wells  at  Lardner's  Point  will  be  as  follows : 

FMt 


From  the  clear-water  basin  at  Torresdale  to  Shaft  No.  1, 6.92 

Combined  8-foot  diameter  and  7-foot  diameter  nozles  at  Shaft 

No.  1, 5.163 

Shaft  No.  1  and  tunnel, 5.276 

Shaft  No.  11  at  lower  end, 5.276 

Shaft  No.  11  at  upper  end, 1.319 

Aqueduct  to  pump-wells  2,  3,  and  4, 3.015 

Aqueduct  to  Lardner's  Point  pumping-station  No.  1, 1.984 

The  total  loss  of  head  between  the  clear-water  basin  at  Torresdale 
and  pump-wells  at  Lardner's  Point,  when  the  conduit  is  delivering 
300,000,000  gallons  a  day,  is  estimated  at  9.25  feet. 

To  prevent  the  tunnel  from  becoming  air  bound  it  is  graded 
upward  9  inches  per  1000  feet  from  Shaft  No.  1,  Torresdale,  to  Shaft 
No.  11,  Lardner^s  Point.  Air  which  may  be  carried  down  Shaft  No.  1 
will  either  be  carried  into  the  tunnel  or  rise  through  the  water  in  the 
shaft.  Such  air  as  may  be  carried  into  the  tunnel  will  flow  with  the 
water  and  be  vented  at  Shaft  No.  11,  the  upward  inclination  of  the 
tunnel  from  the  influent  to  the  effluent  shaft  preventing  the  accumula- 
tion of  air,  which  might  be  a  cause  of  interference  with  the  operation 
of  a  horizontal  tunnel.  Should  there  ever  be  any  indications  of  air 
sticking,  as  it  were,  in  the  conduit,  it  is  believed  that  it  can  readily 
be  removed  by  increasing  the  speed  of  the  pumping  machinery  at 
Lardner's  Point,  lowering  the  level  of  water  temporarily  in  the  pump- 
wells,  and  creating  an  increased  velocity  of  flow  through  the  conduit 
until  the  air  is  removed.  The  conditions  under  which  the  water  is 
conducted  to  the  influent  shaft,  and  the  upward  gradient  of  the  tunnel 
from  the  influent  to  the  effluent  shafts,  are  thought  to  be  effectual 
safeguards  against  the  introduction  of  any  considerable  quantity  of 
air  into  the  conduit,  or  of  any  reduction  of  its  capacity  by  the  accumu- 
lation of  air  at  any  point  along  the  roof. 
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Character  of  Materials  on  the  Line  of  Work. 

The  only  deep-rock  operations  from  which  information  could  be 
obtained  upon  the  probable  character  of  the  material  to  be  encoun- 
tered in  driving  the  shafts  and  headings  for  the  northerly  end  of  the 
conduit  are  found  near  the  county  prison,  north  of  Pennypack  Creek. 
Here  the  rock  excavated  in  the  deep  quarry  is  very  hard,  with  few 
seams  or  fissures,  and  a  small  amount  of  water,  and  the  typical  sections 
showing  excavation  for  the  conduit  in  hard  rock  were  partially  based 
on  this  information. 

The  experience  with  the  conduit  confinned  the  diamond  drill  borings 
which  showed  that  the  character  of  the  rock  in  the  quarry  is  not 
maintained  for  the  whole  length  of  the  work,  and  that  a  great  change 
in  the  hardness  and  stability  of  material  takes  place  in  going  from 
the  north  to  the  south  end.  The  treacherous  material,  however, 
is  not  continuous,  but  occurs  in  reaches  of  the  work,  sometimes 
being  abreast  of  and  sometimes  crossing  the  line  of  the  tunnel 
diagonally. 

The  diamond  drill  borings  which  preceded  the  preparation  of  the 
detail  plan  indicated  the  varying  character  of  the  rock,  but  the  rapidity 
with  which  some  of  the  material  would  deteriorate  upon  contact  with 
the  air  in  the  tunnel  was  not  fully  suspected  in  advance. 

Operations  on  the  conduit  were  conducted  from  nine  working  and 
two  permanent  (end)  shafts.  All  shafts  were  lined  to  the  solid  rock. 
The  working,  as  well  as  the  permanent,  shafts  were  constructed  witli 
steel  shells  sunk  into  hard  rock  and  sealed,  the  interior  being  lined 
with  an  18-inch  ring  of  hard  burned  stretcher  brick  laid  in  cement 
mortar  in  the  permanent  shafts,  and  a  9-inch  ring  in  the  working 
shafts.  The  sinking  and  Uning  of  the  steel  shells  for  the  end  shafts 
was  much  more  carefully  executed  than  it  was  for  the  working  shafts, 
because  the  latter,  upon  completion  of  the  work,  were  closed  with 
brick  arches  continuous  with  the  arch  of  the  tunnel,  above  which  were 
constructed  in  each  shaft  two  relieving  arches  to  take  a  part  of  the 
weight  of  the  backfill  of  the  shaft  off  the  arch  of  the  conduit.  From 
the  arch  of  the  conduit  to  ground  level  the  working  shafts  were  solidly 
backfilled  with  selected  materials. 

About  91  per  cent,  of  the  entire  tunnel  excavation  was  in  hom- 

blendic  and  biotite  gneiss  rock,  which  required  no  timber  to  support 

the  roof.     In  the  north  end  the  rock  was  very  good,  but  the  flow  of 

water,  as  will  be  noticed  later,  was  large  enough  to  render  it  a  matter 
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of  concern  to  the  contractor  and  interfered  with  the  lining  of  the 
txumel.  Between  Shafts  Nos.  4  and  7  the  rock  was  of  excellent  quality 
and  the  flow  of  water  not  enough  to  hinder  the  work. 

Between  Shafts  Nos.  8  and  9,  and  in  the  north  heading  of  Shaft 
No.  8,  the  micaceous  rock  was  very  rotten  and  treacherous,  and 
required  heavy  and  close  timbering  to  prevent  dangerous  falls.  In 
all  such  localities  the  thickness  of  the  arch  was  increased  to  four  or 
five  rings  of  brickwork. 

Excepting  where  falls  in  the  roof  occurred,  the  rough  diameter  of 
the  excavation,  heading  and  bench,  is  about  14  feet. 

For  several  hundred  feet  in  the  north  heading  of  Shaft  No.  9,  under 
the  Disston  Saw  Works,  the  collar  beams  and  posts  supporting  the 
roof  abut  against  each  other  to  prevent  dangerous  falls  and  possible 
injury  to  valuable  surface  structures.  The  placing  of  this  timber  not 
only  delayed  the  progress  of  the  excavation,  but  naturally  occasioned 
great  loss  of  time  in  its  removal  in  part,  and  in  placing  the  brick  arch 
and  the  concrete  packing  above  and  around  it. 

In  carrying  forward  the  arch,  for  nearly  60  per  cent,  of  the  total 
length  enough  water  was  encountered  dripping  from  the  rock  to  make 
it  almost  impossible  to  insure  proper  setting  of  the  mortar  joints 
excepting  the  water  was  wholly  excluded  from  the  back  of  the  brick- 
work, and  in  order  to  prevent  this,  wherever  wet  roof  was  met,  tar 
paper  in  two  layers  from  springing  line  to  springing  line  of  the  arch 
was  used  to  exclude  the  water  imtil  the  mortar  had  set.  It  was  not 
thought  that  the  tar  paper  would  be  a  permanent  protection  in  this 
respect,  but  experience  demonstrated  that  it  could  be  relied  upon  to 
exclude  the  water  for  many  days,  during  which  time  the  mortar  in 
the  brickwork  had  sufficient  time  to  harden. 

In  strengthening  Shaft  No.  7  as  originally  sunk  and  lined,  while 
the  contractor  insisted  that  it  was  perfectly  secure  for  his  work,  it 
was  not  thought  that  it  was  entirely  safe  either  for  the  contractor's 
men  or  for  the  employees  of  the  city,  and  in  order  to  guard  against 
any  risk  from  inflow  of  water  from  the  Delaware  River,  which,  aside 
from  the  possible  accidents  to  men  employed  in  the  shaft  or  in  the 
headings  driven,  would  have  occasioned  a  very  serious  delay  in  re- 
covering the  shaft  or  in  driving  a  new  one,  it  was  decided  to  reenforce 
with  a  ring  of  concrete  from  12  to  18  inches  thick,  a  portion  of  the 
shaft  beginning  11  feet  above  the  shoe  of  the  steel  shell,  and  con- 
tinuing down  38  feet  6  inches  into  the  excavated  rock. 
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In  the  original  plans  for  the  work  it  was  thought  that  the  bends  at 
the  ends  of  Shafts  Nos.  1  and  11  could  be  turned  of  brick,  but  study 
of  the  matter  during  progress  of  lining  the  tunnel  led  to  the  belief 
that  these  bends  would  be  smoother,  more  uniform  in  section, 
and  more  stable  if  constructed  of  concrete  than  if  the  attempt  was 
made  to  line  them  with  brick.  Forms  were  then  built,  bolted,  and 
doweled  together,  carefully  tested  for  dimensions  at  the  surface  of 
the  ground,  then  taken  apart,  and  set  up  in  their  true  positions  at 
the  bottom  of  the  shafts,  around  which  was  placed  concrete  entirely 
filling  the  spaces  between  the  forms  and  the  ragged  rock  around  the 
excavation. 

Air  Compressors,  etc. 

Compressed  air  for  the  different  sections  of  the  work  was  furnished 
as  follows : 

Section  1:  Shafts  Nos.  1,  2,  3,  and  4,  by  a  Rand  single  stage  com- 
pressor, with  24-inch  air  cylinder,  24-inch  steam  cylinder,  30-inch 
stroke,  running  at  83  revolutions  a  minute,  located  at  Shaft  No.  3 
on  the  House  of  Correction  grounds. 

Section  2:  Shafts  Nos.  5  and  6,  by  two  IngersoU-Sergeant  single 
stage  compressors,  with  22J-inch  air  cylinders,  22-inch  steam  cylin- 
ders, 24-inch  stroke,  running  at  94  revolutions  a  minute,  located  at 
the  intersection  of  Eugene  and  Bleigh  Streets. 

Section  3:  Shafts  Nos.  7  and  8,  by  one  Sullivan  compound,  or  two 
stage  compressors,  with  14-inch  and  22-inch  air  cylinders,  14-inch  and 
22-inch  steam  cylinders,  all  24-inch  stroke,  running  at  110  revolu- 
tions a  minute.  Located  in  the  Pennsylvania  Railroad  yard  at  the 
foot  of  Diss  ton  Street,  Tacony. 

Section  4:  Shafts  Nos.  9,  10,  and  11,  by  one  Rand  duplex  com- 
pressor, with  20-inch  air  cylinder,  20-inch  steam  cylinder,  30-inch 
stroke,  running  87  revolutions  a  minute;  and  one  Ingersoll-Sergeant 
single  stage  compressor,  with  12-inch  air  cylinder,  12J-inch  steam 
cylinder,  and  14-inch  stroke,  running  155  revolutions  a  minute. 
Located  at  the  intersection  of  Delaware  Avenue  and  Levick  Street. 

The  free  air  capacity  provided  for  the  different  sections  was  as 
follows : 

Section  1, 2670  cubic  feet  a  minute. 

2, 960     '*        "     ''      " 

3 1160     '*        "     "      *' 

"       4, 2185     "        "     "      '• 

Steam  was  supplied  to  the  machines  from  locomotive  and  return 
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Plate  IV. — Head  of  Steel  Shell,  Shapt  No.  7. 
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tubular  boilers  working  at  pressures  ranging  from  90  to  100  pounds 
by  gage,  and  compressed  air  was  used  at  from  70  to  80  pounds  pressure 
by  gage. 

Head  houses  were  built  over  each  shaft  excepting  Shaft  No.  11, 
where  the  elevation  of  muck  and  the  lowering  of  men  and  materials 
was  performed  by  a  swinging  boom  derrick  and  dumping  buckets.  All 
head  houses  were  provided  with  cages  fitted  with  safety  catches, 
upon  which  narrow-gage  dump-cars  were  run  for  raising  muck  and 
lowering  materials. 

All  rock  drills  and  some  of  the  pumps  were  operated  by  compressed 
air,  the  exhaust  from  which  served  to  ventilate  the  headings  and 
shafts. 

Meeting  of  Headings. 

In  the  following  table  are  given  the  dates  of  meeting  of  headings, 
errors  of  line,  errors  of  grade,  and  horizontal  distance  between  shafts 
from  which  the  operations  were  conducted. 

Plumb-bobs  and  a  Buff  and  Berger  plunging  transit  both  were  used 
to  project  the  line  of  the  work  from  the  surface  of  the  ground  to  the 
bottom  of  the  shaft.  The  large  error  of  line  at  the  meeting  of  the 
headings  between  Shafts  Nos.  5  and  6  is  due  to  the  use  on  this  section 
of  the  transit  only  in  projecting  the  surface  line  down  Shaft  No.  5. 

The  error  of  line  in  the  meeting  of  Shafts  Nos.  3  and  4  was  due  to 
the  same  cause,  Shaft  No.  3  being  too  much  out  of  plumb  to  admit  of 
using  the  plumb-bobs. 


Bktwsxn  Shafts. 


Date. 


Nos.    1-2     July  21,  1903 

2-3     Apr.  12,     " 

3-4     ,  Feb.  7,       '* 

4-5    Apr.  27,     " 

5-6     Nov.  9,  1902 

6-7     May  23,  1903 

7-8    May  13,     " 

8-9     June  6,      " 

9-10 Oct.  11,  1902 

10-11 Dec.  13,      " 


Time. 


Error        Error  Distakcb 

IN        I         IN  Bktwbrm 

Link,     j   Grade.  SRAm. 
Inches.        Feet.  Feet. 


6.00  p.m. 

5-J 

,  0.007 

1351 

7.00  A.  M. 

i 

0.0312 

1330 

5.30  p.m. 

4 

1  0.0208  ' 

1244 

7.00  P.  M. 

i 

i  0.004 

1640 

4.00  a.m.  ' 

7 

0.0104 

1353 

3.00  A.  M. 

1-i 

0.020 

1562 

6.00  P.  M. 

,  0.013 

1635 

12.00  m. 

,  0.014 

1580 

2.15  p.m. 

i  0.0104 

1110 

2.00  p.m.  ^ 

M 

'  0.0312 

1003 
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History  of  the  Contract. 
The  history  of  the  contract  is  shown  in  the  following  table,  including 
the  assumed  date  of  completion : 

Date  of  letting, May  28,  1901 

Date  of  award, August  28,  1901. 

Date  of  contract, October  4,  1901. 

Date  of  revision  of  paragraphs  24  and  30  of  the  speci- 
fication,   October  21,  1901. 

Time  limit  for  completion  of  work, Nine  (9)  months. 

Notice  to  begin  work, January  9,  1902. 

Expiration  of  contract  time, October  9, 1902. 

Date  of  completion, April  23,  1904. 

Default  in  time  of  completion, 424  working  days. 

There  was  at  no  time  any  indication  of  lack  of  energy  on  the  part 
of  the  contractor  to  forward  the  work  to  the  earliest  possible  com- 
pletion. From  its  inception,  about  December  1,  1901,  to  April  23, 
1904,  at  no  time  was  the  work  even  temporarily  abandoned,  although 
certain  of  the  shafts,  like  Shaft  No.  4  and  Shaft  No.  7,  were,  for  reasons 
hereafter  to  be  explained,  abandoned  for  short  lengths  of  time. 

The  first  cause  of  delay  was  due  to  the  decision  of  the  city  to  deepen 
all  the  shafts  by  10  feet,  which  conclusion  was  reached  March  25, 
1902,  after  Shaft  No.  9  had  been  driven  to  the  line  of  the  tunnel.  The 
terms  of  the  contract  provided  that  the  first  shaft  (No.  9)  which  seemed 
to  show  from  the  diamond  drill  borings  the  poorest  material  in  the 
rock  should  be  driven  in  advance  of  the  other  shafts  to  the  line  of  the 
tunnel,  in  order  to  determine  whether  the  center  line,  as  shown  by 
the  original  plans,  could  be  safely  adopted  for  the  prosecution  of  the 
work.  Upon  sinking  this  shaft  to  the  elevation  originally  shown  the 
material  was  found  to  be  of  such  treacherous  character  that  it  was 
determined  to  lower  the  center  line  of  the  tunnel  everywhere  by  10 
feet.  Although  several  of  the  other  shafts  were  in  progress  simul- 
taneously with  Shaft  No.  9,  they  were  not  advanced  as  rapidly  as 
this  shaft,  for  the  reason  given. 

In  the  construction  of  Shaft  No.  7  in  Eugene  Street,  between  Cott- 
man  and  Princeton  Streets,  and  about  opposite  St.  Vincent's  Orphan 
Asylum,  when  the  steel  shell  reached  the  rock  and  the  work  nf  driving 
into  the  rock  was  begun,  it  was  regarded  as  unsafe  for  us(\  and  work 
was  temporarily  suspended  upon  orders  of  the  city  until  such  time 
as  the  shaft  might  be  made  safe  for  the  use  of  the  engineers  an^ 
inspectors,  as  well  as  the  men  in  the  employ  of  the  contractor,    Nea 
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Plate  VI. — Diaphragm  for  Air  Lock,  Shaft  No.  2. 
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one  month's  time  was  lost  between  the  date  when  the  work  was  sus- 
pended and  the  operation  again  resumed. 

In  carrying  forward  the  north  heading  from  Shaft  No.  9  a  soft  seam, 
consisting  apparently  of  a  mixture  of  plastic  clay  and  rotten,  mica- 
ceous rock,  was  encountered,  requiring  very  careful  and  constant 
timbering  of  the  work  as  the  heading  advanced.  From  November  6 
to  December  26,  1902,  the  rate  of  progress  was  less  than  6  inches  a 
day;  from  January  1  to  February  5,  1903,  the  rate  of  progress  repre- 
sented less  than  12  inches  a  day;  the  normal  rate  of  progress  through- 
out the  work  was  slightly  over  2  feet  a  day. 

On  February  5,  1902,  owing  to  an  accident.  Shaft  No.  4  was  so 
seriously  damaged  that,  notwithstanding  vigorous  efforts  were  made 
to  reclaim  it,  it  was  finally  abandoned  on  March  17,  1902,  at  a  depth 
of  about  50  feet  below  ground  level.  The  second  shaft  was  then 
located  about  100  feet  south  of  original  Shaft  No.  4,  and  driven  down 
to  the  line  of  the  tunnel  without  any  further  trouble  at  this  station. 

Owing  to  the  inflow  of  water,  an  attempt  was  made  to  use  an  air 
lock  on  Shaft  No.  2,  but  after  trial  of  about  six  weeks  this  was  removed 
and  progress  continued  to  the  end  of  the  work  in  the  open  shaft  and 
headings. 

During  the  coal  strike  in  1902  serious  difficulty  was  encountered 
in  securing  enough  coal  to  keep  the  machinery  running  at  all  the 
shafts,  and  especially  between  Shafts  Nos.  1  and  8  there  were  times 
when  the  supply  of  fuel  was  so  low  as  to  prevent  the  working  of  the 
usual  double  shift  of  men.  In  due  time  this  trouble  was  remedied 
through  the  kindly  aid  of  the  officials  of  the  Pennsylvania  Railroad. 

Considering  the  very  large  amount  of  brick  required  for  lining  the 
permanent  shafts  and  tunnel  (over  9,700,000)  considerable  difficulty 
was  experienced  in  getting  brick  of  a  satisfactory  quality.  Several 
cargOB  of  brick  were  offered  for  use  and  rejected  entirely  by  reason 
of  the  very  large  percentage  found  unsuitable  upon  inspection,  and 
the  contractor  was,  therefore,  directed  to  procure  bricks  from  manu- 
facturers whose  general  nm  of  material  met  the  requirements  of 
*'soimd,  straight,  hard-burned  brick,  uniform  in  size  and  structure, 
and  with  true  even  faces."  In  fact,  it  was  not  possible  to  get  the  large 
quantity  of  brick  required  in  the  lining  of  the  tunnel  and  permanent 
shafts  from  one  manufacturer,  and  to  meet  the  conditions,  excepting 
as  to  size,  and  avoid  delay,  two  sizes  of  brick  were  used.  The  first 
brickwork  was  placed  in  Section  4,  January  3,  1903. 
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Plastering  Brickwork. 

Concerning  the  one-half  inch  coat  of  Portland  cement  plaster  on 
the  face  of  the  brickwork  in  the  conduit,  which  was  omitted  because 
it  was  found  impossible  to  make  it  continuous  from  end  to  end  of 
the  conduit  by  reason  of  the  dampness  of  the  brickwork  in  the  arch, 
there  is  some  doubt  in  my  mind  whether^  any  decided  advantage  in 
the  smoothness  of  the  interior  of  the  conduit  for  a  great  length  of 
time  would  be  accomplished  by  the  plaster  coating.  The  experience 
of  Mr.  James  M.  Gale,  'engineer  in  charge  of  the  waterworks  of  Glas- 
gow, who  built  the  second  aqueduct  which  brings  the  water  from 
Loch  Katrine  to  the  Mugdock  reservoir,  has  raised  a  doubt  of  the 
advisability  of  plastering  a  conduit  intended  to  carry  a  reasonably 
soft  water,  such  as  is  the  water  from  the  Delaware  River.  The  solvent 
action  of  soft  water  upon  the  uncombined  lime  in  Portland  cement 
mortar  is  well  known,  and  it  is  possible  that  in  due  time  the  Delaware 
River  water  would  have  pitted  and  roughened  the  surface  of  the 
plaster  lining  so  as  to  render  it  less  smooth  than  well-laid  brickwork 
with  struck  and  trimmed  joints.  In  the  construction  of  the  invert 
of  the  tunnel  and  in  the  construction  of  the  rings  in  the  shafts  all 
joints  were  struck.  This,  of  course,  was  not  possible  in  the  construc- 
tion of  the  brickwork  of  the  arch,  but  upon  removing  the  centers  and 
after  the  mortar  had  set,  all  excess  mortar  in  the  soffit  joints  was 
carefully  trimmed  away  from  end  to  end  of  the  conduit.  While  it 
is  true  that,  at  joints  in  the  lining  of  the  conduit,  there  is  some  notice- 
able irregularity  or  lack  of  smoothness  in  the  brickwork,  this  repre- 
sents a  very  small  portion  of  the  14,000  feet  of  conduit,  and  by  far 
the  larger  percentage  of  the  shafts  and  tunnel  consists  of  brickwork 
as  smooth  as  any  that  I  have  ever  seen  laid  in  sewer  work  where  the 
operations  were  conducted  in  open  cut,  and  under  much  more  favor- 
able conditions  for  neat  bricklaying  than  were  found  in  the  conduit. 

When  it  became  evident  that  the  plastering  could  not  be  made  to 
stick  to  the  brickwork  of  the  arch,  about  21  per  cent,  of  the  total 
length  of  arch  had  been  placed,  and  orders  were  then  issued  to  the 
contractor  and  the  engineers  and  inspectors  in  charge  of  the  lining  to 
exercise  especial  care  in  building  the  arch  true  to  line  and  radius,  in 
view  of  the  probability  that  the  plastering  of  the  brickwork  could 
not  be  accomplished  and  that  the  face  of  the  brick  lining  would  be, 
upon  completion,  the  wetted  perimeter.     At  least  79  per  cent,  of  the 
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evidence  of  serious  disintegration  of  the  mortar  in  the  brickwork  and 
the  concrete.  After  the  conduit  was  emptied;  careful  examination 
was  repeatedly  made  from  end  to  end  by  myself  and  several  assistants 
detailed  for  the  purpose,  to  detect  any  evidence  of  disintegration  of 
the  mortar  in  the  joints  of  the  brickwork,  and  no  evidence  of  injury 
or  impairment  from  any  cause  was  discovered.  While  considerable 
lime  was  removed  with  the  water  from  the  conduit  during  the  process 
of  pumping  out,  this,  after  the  first  few  weeks'  pumping,  steadily 
diminished  imtil  the  water  attained  about  the  alkalinity  or  lime  con- 
tent found  by  analyses  of  the  water  from  the  shafts  and  headings 
previous  to  the  placing  of  the  brick  lining  and  concrete  backing.  The 
total  amount  of  lime  removed  with  the  water  amounted  to  about  50,000 
pounds;  and  this  should  be  balanced  against  the  lime  in  35,000  barrels 
of  Portland  cement  used  in  the  construction  of  the  work.  The  cement, 
under  the  terms  of  the  contract,  weighed  about  380  pounds  to  the 
barrel,  of  which,  say,  62  per  cent,  by  weight  was  lime,  or  8,246,000 
pounds;  and  of  the  lime  from  all  known  sources,  not,  of  course,  in- 
cluding the  lime  found  by  test  in  the  rock  water  previous  to  lining 
the  conduit,  about  0.60  per  cent,  may  have  come  from  the  mortar 
ix^  the  joints  of  the  brickwork  and  in  the  concrete. 

I  am  informed  by  manufacturers  of  cement  that  there  is  a  probable 
1  to  1^  per  cent,  excess  of  lime  in  the  mixture — t.  c,  the  amoimt  of 
lime  is  usually  slightly  more  than  is  really  required  to  make  a  perfect 
element.  The  influence  of  this  upon  either  the  strength  or  hardening 
properties  of  cement  is  not  noticeable,  and  if  it  be  assiuned  that  there 
is  a  slight  excess  of  lime,  it  would  be  possible  to  lose  even  a  larger 
percentage  than  was  shown  by  the  estimate  of  lime  lost  in  pmnping 
out  the  conduit  without  impairing  the  quality  of  either  the  concrete 
or  the  mortar  in  the  brickwork. 

Under  the  conditions  of  service  it  is  not  thought  that  the  slight 
outward  leakage  of  filtered  Delaware  River  water  will  have  any  serious 
efifect  on  the  lime  in  the  cement,  and  this  opinion  is  based  upon  long 
pbservation  of  the  influence  of  water  low  in  lime  content,  like  that  of 
Loch  Katrine,  on  the  cement  plastering  and  mortar  in  the  joints  of 
the  tnasonry  of  the  first  Glasgow  aqueduct. 

Analyses  op  Water  Flowing  into  the  Shafts  and  Headings. 
During  the  construction  of  the  work  samples  of  water  were  collected 
monthly  from  the  shafts  and  headings,  and  analyzed  for  mineral 
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soffit  of  the  arch  is  as  true  and  smooth  as  the  lining  of  the  invert 
which  was  laid  to  templets  with  struck  joints. 

The  only  real  objection  to  the  omission  of  the  cement  plastering 
was  the  possible  reduction  of  carrying  capacity,  and  if  experience 
should  show  tl^is  to  be  the  result,  it  would  then  assume  a  serious  phase. 
But  directly  it  was  demonstrated  that  the  plastering  could  not  be 
successfully  and  continuously  applied  to  the  arch,  extra  precautions 
were  taken  in  laying  the  brickwork,  and  upon  drawing  the  centering 
all  excess  mortar  in  the  joints  was  chipped  away  flush  with  the  face 
of  the  arch. 

Investigations  of  the  value  of  *'n"  in  the  Kutter  formula  for  flow 
of  water  in  closed  channels,  of  plastered  and  unplastered  brickwork, 
seemed  to  show  that  ^*n"  =  .013  could  safely  be  applied  to  the  unplas- 
tered brickwork  of  the  conduit,  and  if  this  conclusion  is  well  foimded, 
it  should  have  the  full  capacity  intended,  with  unplastered  arch  10 
feet  7  inches  in  diameter.  As  a  rule,  the  invert  was  a  very  smooth 
piece  of  brickwork,  and  it  is  not  thought  that  plastering  would  have 
materially  improved  this  in  flowing  function. 

Portland  Cement  and  Concrete. 
Only  Portland  cement  was  used  in  all  parts  of  the  work  as  follows: 

24,162  barrels  of  Star  Bonneville. 
9,650      "        "  Lehigh. 
675      "        '*  Saturn. 
450      "        "  Giant. 

Total, 34,937 

Concrete  was  mixed  in  the  following  proportions : 

For  the  cradle  of  invert  and  packing  of  arch : 

1  part  cement. 

3  parts  sand. 

5      **     broken  stone  ballast. 

For  the  bends  at  Shafts  Xos.  1  and  1 1 : 

1  part    cement, 
li      **     sand. 
IJ      "     limestone  screenings. 

5  parts  broken  stone  balla.st. 


Face  work  of  bends : 


1  part  cement. 

1     "     sand. 

1     "     limestone  screenings 
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Concrete  Cubes. 
During  the  progress  of  the  work  418  concrete  cubes  were  made  as 
samples  of  the  material  used  in  the  construction  of  the  cradle  and 
of  the  arch,  and  these  were  broken  after  sixty,  ninety,  one  hundred 
and  twenty  days,  and  six  months;  and  the  very  best  concrete,  as 
shown  by  the  compression  tests,  used  anywhere  in  the  work  of  the 
improvement,  extension,  and  filtration  of  the  water  supply,  was  used 
by  the  contractor  for  Contract  No.  14,  some  of  the  cubes  exceeding 
5000  pounds  per  square  inch  in  the  crushing  test. 


Cost  of  the  Work. 

Contract  price. $1,274,000.00 

Extras  authonzed  by  city, $68,505.33 

Deduct  scrap  steel  sold  and  work  not  per- 
formed,          546.60  67,958.73 

Total  cost, $1,341,958.73 

From  which  deduct  plastering  not  placed, 20,735.54 

Difference, $1,321,223.19 

The  probable  cost  of  the  work  to  the  contractor  from  the  record 
of  labor  and  materials  furnished  was  $1,306,186.62,  or  $93.10  per 
linear  foot. 

The  quantities  of  materials  as  per  original  estimate,  prior  to  making 
of  contract,  and  as  actually  performed,  are  shown  in  the  following 
table: 


1. 

2. 

3. 

4. 

5. 

Additional 

Quantities  Not 

Original 

Quantities 
Actually 

Increase 

Includbd in 

Quantities 

Over  Original 

Cols.  3,  4.  Or- 

Items. 

From  Plans. 

Performed. 

Estimate 

dered  AS  Extras 

Excavation — 

Tunnel,  cubic  yards,  . 

83,670 

89,366.90 

5,696.9 

Shaft, 

5,632 

7,425.00 

1,793.0 

2i.O 

Concrete,       " 

22,381 

24,058.00 

1,677.0 

3,278.8 

Brick  masonry,  cu.  yds. 

18,802 

18,360.45 

1,145.7 

Plastering,  linear  feet, . . 

14,058 

Cast-iron,  lbs., 

117,640 

128,578.00 

10,938 

Steel,          "      

346,374 

353,205.00 

6,831 

Clay  for  puddle,  cu.  yds. 

94.5 

Tar  paper,  single  thick- 

ness, square  feet,  .... 

619,000 

The  additional  shaft  excavation    was  authorized   under  the 
vision  of  the  contract  which  permitted  a   lowering  of  the 
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line  of  tunnel  if  foiind  advisable  so  to  do  upon  sinking  Shaft  No.  9 
to  the  line  of  tunnel. 

The  clay  puddle  was  used  over  the  arch  of  the  closures  for  the 
working  shafts  to  render  these  watertight,  while  the  mortar  in  the 
brick  was  setting.  Two  thicknesses  of  three-ply  tar  paper,  not  in- 
cluded in  the  original  plans,  was  used  over  the  brick  arch  where  this 
was  laid  under  wet  roof. 


Addition  to  Quantities. 

In  addition  to  the  above  statement  of  quantities  of  work  performed, 

there  was  used,  but  not  incorporated,  as  such  in  the  estimates,  the 

following  materials: 

34,937  barrels  of  cement. 

9,703,700  bricks. 

12,688  cubic  yards  sand. 

16,725     '*        "     ballast. 

11,184  linear  feet  of  6-Lnch  terra-cotta  pipe. 

138,814  feet  B.  M.  timber. 

In  apportioning  the  lump  sum  bid  for  the  several  items  entering 
into  the  construction  of  the  work,  for  the  purpose  of  current  estimates, 
the  following  unit  prices  were  used: 

Excavation  in  tunnel, $7.90  per  cu.  yd. 

Excavation  in  shafts, 19.00         " 

Concrete, 9.00 

Brickwork, 13.00 

Plastering  interior  of  brick  lining, 1.475  per  linear  foot. 

Castings, 0.07  per  lb. 

Steel  work, 0.09    " 


Cost  of  Tunnel  Compared  to  Pipe  Line. 
Upon  the  assumption  that  the  cost  of  the  conduit  is  based  on  the 
limit  of  contract,  viz.,  $1,350,000,  the  cost  per  linear  foot  becomes: 

1,350,000 

$96.22. 

14,030 

Relating  this  to  the  cost  of  12  equivalent  lines  of  48-inch  cast-iron 

pipe  aggregating  38.8  miles,  viz.,  38.8  X  5,280  X  $16.00  =  $3,277,824. 

Or,  reduced  to  the  length  of  the  tunnel,  the,  cost  per  linear  foot 

becomes : 

3,277,824 

$233.62. 

14,030 
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Fatal  Accidents. 

During  the  construction  of  the  conduit  14  lives  were  lost,  as  follows: 

Shaft 'No.  ly  November  20,  1902:  One  man  killed  by  the  fall  of  a 
fragment  of  rock  from  the  side  of  the  shaft. 

Shaft  No.  2,  June  2,  1902:  Foreman  killed  while  riding  down  the 
shaft  on  a  pump  which  was  being  lowered  to  position  at  the  bottom 
of  the  shaft,  by  a  piece  of  pipe  which  became  disconnected  and  fell. 

Shaft  No.  3y  August  14,  1902:  The  pump  man  at  foot  of  shaft  killed 
by  dropping  of  a  drill  from  the  cage  in  the  shaft. 

January  10, 1903:  One  man  fatally  burned  in  a  shack  fired  by  an 
explosion  of  dynamite  stored  in  the  magazine. 

Shaft  No.  4,  July  31,  1902:  One  man  killed  by  being  struck  by 
the  boom  of  derrick  and  knocked  into  shaft. 

Shaft  No.  7,  May  20,  and  May  21, 1902:  Two  men  fatally  overcome 
by  powder  fumes  in  the  heading. 

Shaft  No.  9,  April  30,  1902:  Three  men  killed  at  one  time  by  the 
tipping  of  a  bucket  in  which  they  were  being  drawn  up  out  of  the 
shaft.  The  hoisting  engine  developed  some  trouble,  and  just  as  the 
boom  of  the  derrick  was  being  swung  clear  of  the  shaft,  the  hoisting 
rope  slipped  and  bucket  struck  on  the  upper  edge  of  the  steel  shell 
and  dumped  the  men  into  the  shaft. 

Shaft  No.  10,  April  5,  1902:  One  man  was  killed  by  being  crushed 
between  the  side  of  the  shaft  and  the  discharge  pipe  of  a  pump  which 
was  being  lowered. 

Shaft  No.  10,  December  2,  1902:  One  man  killed  by  being  hit  in 
the  head  by  a  fragment  of  rock  from  a  blast  fired  in  the  south 
heading,  400  feet  distant. 

Shaft  No.  10,  December  4,  1902:  One  man  killed  by  fall  of  rock 
from  the  roof  in  the  south  heading. 

Pennypack  Creek:  Between  Shafts  Nos.  1  and  2  man  drowned  by 
leaping  from  the  transfer  boat,  which  he  supposed  was  sinking. 


Estimated  Carrying  Capacity. 
Data  upon  the  actual  flowing  capacity  of  large  brick-lined  conduits 
under  pressure  are  very  meager,  but  with  the  loss  of  head  between 
Shaft  No.  1,  at  Torresdale,  and  Shaft  No.  11,  at  Lardner's  Point,  of 
8.6  feet,  it  is  assumed  that  the  conduit  will  have  a  carrying  capacity 
of  300,000,000  gallons  a  day  of  twenty-four  hours. 
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By  Kutter's  formula,  with  ''n"  taken  at  0.013,  the  capacity  for  the 
given  loss  of  head  will  be : 


V  ^  136,  y  2.645  X  .000616  ^  5.484  feet. 
Q  =  5.484  X  87.97   --  482.427  cubic  feet. 

G  —  Yc479  ==311.8  million  gallons  a  day. 


By  Lampe's  formula: 

V  =-  167.89  X  r  •«*  X  s  •"*  -^  5.455  feet. 
Q  =  5.455  X  87.97  =-  478.987  cubic  feet. 

G  —  ::    '        ~  309.6  million  gallons  a  day. 

The  capacity,  of  course,  can  be  increased  by  lowering  the  level  in 
the  pump-wells  at  Lardner's  Point,  and  increasing  the  loss  of  head  in 
the  conduit. 

The  cubic  contents  of  the  conduit,  taken  to  the  normal  level  of 
ground  water,  197.00  T.  D.,  is  9,253,932  gallons,  and  the  time  required 
for  water  to  flow  from  Shaft  No.  1  to  Shaft  No.  11,  when  the  conduit 
is  delivering  300,000,000  gallons  a  day,  will  be  about  forty-four 
minutes. 


Comparison  of  Conduit  and  Equivalent  System  of  48-inch 
Gravity  Cast-iron  Pipes. 

In  order  to  balance  the  carrying  capacity  of  the  Torresdale  conduit 
with  a  system  of  cast-iron  gravity  pipe  with  the  same  loss  of  head, 
it  will  require  12  lines  of  48-inch  cast-iron  pipe  of  an  average  length 
of  17,100  feet  for  each  line,  or  a  total  length  of  38.8  miles. 

Experience  has  shown  that  a  leakage  of  8,630  gallons  per  mile  per 
day  of  twenty-four  hours  in  a  line  of  48-inch  cast-iron  pipe,  operating 
under  a  pressure  of  50  pounds  per  square  inch,  is  allowable  under  all 
ordinar}'^  conditions.  The  head  required  for  a  flow  of  25,000,000 
gallons  per  day  through  each  of  the  12  lines  of  48-inch  pipe  mentioned 
is  10.3  feet;  and  prorating  the  leakage  on  the  square  roots  of  the  heads, 
the  allowable  leakage  for  38.8  miles  of  48-inch  cast-iron  pipe  having 
the  same  capacity  as  the  Torresdale  conduit,  amounts  to  100,000 
gallons  a  day  of  twenty-four  hours. 

The  cost  of  the  cast-iron  gravity  conduit  would  have  been,  at  the 
prices  prevailing  when  the  conduit  was  let  by  contract,  about  $3.- 
278,000,  or  $1,928,0(M)  more  than  the  cost  of  the  structure  as  built. 
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The  interest  charges  alone  on  the  difference  of  cost  at  3^  per  cent, 
would  have  been  $67,474,  while  the  annual  charge  due  to  the  probable 
loss  of  200,000  gallons  of  filtered  water  a  day  at  $5  for  filtration  and 
low-service  pumpage,  and  $3.84  for  interest  charges  on  the  Torresdale 
works,  will  amount  to  $6,453.20. 

But  it  has  been  shown  that  an  allowance  of  100,000  gallons  a  day  for 
the  leakage  of  the  cast-iron  pipes  is  reasonable,  and  hence  of  the  annual 
value  of  water  lost,  one-half  only  should  be  charged  against  the 
conduit,  or  $3,226.60;  about  one-twentieth  of  the  interest  charges  on 
the  increased  cost  of  cast-iron  gravity  pipe  lines. 


Examination  of  the  Conduit. 

After  closing  the  last  two  working  shafts,  Nos.  2  and  7,  early  in 
April,  1904,  and  removing  the  pumping  machinery  from  Shaft  No.  1, 
daily  observations  were  taken  from  April  8  to  18  on  the  rise  of  water 
in  the  tunnel  and  end-shafts. 

After  plotting  the  elevations  of  water-level  and  corresponding 
leakage  it  was  foimd  that  the  leakage  was  greater  than  was  anticipated 
at  the  time  of  removal  of  the  pumps,  and  more  than  could  be  readily 
accoimted  for,  provided  the  sump  at  Shaft  No.  1  and  all  open  weepers 
had  been  properly  closed. 

The  contractor's  attention  was  promptly  called  to  the  apparent 
excessive  leakage,  and  after  full  consideration  of  the  matter  it  was 
finally  decided  to  pump  out  the  conduit,  make  an  examination  of  the 
interior,  and  correct  any  defects  or  oversights  of  the  contractor's  work 
which  such  examination  might  reveal. 


The  Results  of  Examination. 

After  considerable  delay  in  making  the  necessary  arrangements  for 
head  house,  boilers,  and  pump  to  empty  the  conduit,  the  work  of 
pumping  out  was  started  August  13,  1904,  using  for  this  purpose  at 
first  a  No.  8  DeLaval  steam  turbine,  having  a  rated  capacity  of  1200 
gallons  a  minute  under  125  feet  head,  and  later  a  No.  9  and  a  No.  11 
Cameron  shaft  sinking  pumps.  The  No.  9  Cameron  pump  had  a 
capacity  of  300  gallons  a  minute,  and  the  No.  11  Cameron,  a  capacity 
of  450  gallons  a  minute. 

The  pumps  were  hung  on  wire  cables  from  hand  winches  and  chain 
blocks  in  such  manner  that  thev  could  be  lowered  as  the  water-leve' 
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DESIGN  AND  OPERATION  OF  A  MODERN  FREIGHT  YARD. 

JOSEPH  T.   RICHARDS. 
Rwd  February  18,  1905. 

The  increasing  population,  agriculture,  manufactures,  commerce, 
and  wealth  of  the  United  States  naturally  cause  a  rapid  increase  in  the 
traffic  thrown  upon  the  railroads  for  transportation;  particularly  is 
this  so  from  the  growing  west  to  the  east,  and  burdens  the  railroads 
to  such  an  extent  that  it  seems  almost  impracticable  to  construct 
railroad  tracks,  yards,  and  terminal  facilities  fast  enough  to  keep  pace 
with  the  increased  business.  It  is  evident  that  all  the  trunk  lines  east 
of  the  Mississippi  are  behind  in  their  tracks,  terminals,  and  equipment 
to  move  and  distribute  the  tonnage  of  freight  offered  them. 

The  Inter-State  Commerce  Conm[iissioners'  report  for  the  fiscal  year 
ending  June  30, 1903,  which  is  the  latest  report  which  has  been  issued, 
shows  an  increase  of  104,078,536  tons  of  freight  carried  over  the 
previous  year.  The  total  tons  of  freight  carried  were  1,304,394,323, 
the  increase  in  one  year  being  8.7  per  cent,  of  the  total.  The  aggregate 
number  of  freight  locomotives  in  service  was  25,444,  an  increase  of 
1850  over  the  previous  year,  being  7.8  per  cent,  of  the  total.  Freight 
cars  in  service,  1,653,782,  an  increase  of  107,681  during  the  year,  being 
6.9  per  cent,  of  the  total.  Total  mileage  of  railroads  in  the  United 
States  was  207,977.22,  an  increase  of  5,505.37  miles  for  the  year,  or 
2.7  per  cent,  of  the  total. 

From  this  is  shown  the  increase  of  miles  of  road  (2.7  per  cent.), 
which  is  given  for  both  freight  and  passenger  service,  is  low  in  increase 
as  compared  with  increased  tonnage  of  trade  pressing  into  the  channels 
of  transportation  (8.7  per  cent.) — about  3  to  1. 

The  cars  and  locomotives  are  also  low,  but  not  so  seriously  behind 
as  is  shown  in  the  lack  of  trackage.  As  to  the  matter  of  terminals  and 
yard  facilities,  I  have  no  data  to  be  taken  from  the  reports  of  the  Inter- 
State  CJommerce  CJommission,  but  they  bear  quite  as  important  a  part 
as  any  of  the  other  factors  in  clearing  the  channels  and  adding  to  the 
ability  of  railroads  to  move  freight  from  end  to  end  of  the  roads. 
Through  yards  are  the  working  facilities  en  roiUe,  and  the  terminal 
yards  are  the  working  facilities  at  the  end — ^particularly  are  the  ter- 
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in  the  shaft  was  reduced ;  and  as  each  pump  was  lowered  by  stages 
in  this  manner,  the  three  lines  of  pipe  reaching  from  ground  level  to 
the  pump)s  was  increased  by  adding  sections  uniformly  10  feet  in  length. 

The  discharge  of  the  pumps  was  carried  into  a  tight  wooden  sluice- 
way and  nm  into  a  weir-box  having  a  width  of  5  feet,  a  depth  of  1 
foot  9  inches  below  the  weir  crest,  and  a  length  of  14  feet,  and  provided 
with  the  usual  screens  to  smooth  the  water  before  it  approached  the 
weir,  and  with  a  weir  having  a  notch  21  inches  wide  by  9  inches  deep. 
The  weir  was  made  of  brass  plate,  with  sharp  edge,  set  truly  plumb, 
and  at  right  angles  to  the  axis  of  the  weir-box,  and  with  the  crest 
level  from  end  to  end.  The  heads  on  the  weir  were  read  by  means 
of  an  ordinary  hook  gage  with  vernier  reading  to  one-thousandth  of 
a  foot,  set  in  a  stilling-box  outside  the  weir-box,  and  connected  with 
the  latter  by  means  of  a  perforated  iron  pipe  laid  across  the  bottom, 
about  three  feet  up-stream  from  the  weir. 

All  conditions  for  accurate  measurement  of  the  water  pumped  from 
the  conduit  were  carefully  observed,  the  point  of  the  hook  gage  being 
referred  to  the  crest  of  the  weir  from  day  to  day  by  means  of  a  "y  " 
level  and  leveling  rod. 

The  same  outfit,  of  course,  served  not  only  to  measure  the  rate  at 
which  water  was  being  removed  from  the  conduit  before  it  was  emp- 
tied, but  after  it  was  emptied,  to  gage  the  leakage,  all  of  which,  of 
course,  was  removed  from  Shaft  No.  1  and  discharged  over  the  weir. 

Observations  of  the  head  on  the  weir;  of  the  level  of  the  water  in 
Shaft  No.  1,  and  of  the  general  conduct  of  the  work,  were  made  hourly, 
night  and  day,  throughout  the  operations,  from  the  time  the  pump 
was  started  on  August  13,  1904,  until  December  17,  when  the  pumps 
and  all  other  material  were  removed  from  Shaft  No.  1,  and  prepara- 
tions made  to  close  the  shaft  head,  and  after  this  until  January  12, 
at  which  time  the  ground  water  having  reached  elevation  193.00  T.  D., 
was  rising  at  such  a  slow  rate  as  to  render  further  observations  un- 
necessary. 

The  depth  and  diameter  of  the  shaft  rendered  all  operations  for 
pumping  out  and  repairing  the  conduit  very  difficult.  After  the  two 
Cameron  shaft  sinking  pumps  and  the  DeLaval  steam  turbine,  with 
their  steam  exhaust  and  discharge  pipes,  had  been  hung,  the  remaining 
space  for  lowering  men  and  materials  was  too  small  for  a  cage  or  even 
a  bucket,  and  only  about  large  enough  to  accommodate  a  boatswain's 
chair  suspended  from  the  hook  of  the  derrick.  I  cannot  compliment 
too  highly  the  riggers  and  engineers  in  charge  of  the  derrick  for  their 
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careful  work  for  the  period  of  one  hundred  and  thirty-two  days  of 
active  operations,  during  which  time  no  serious  accident  to  men  or 
machinery  occurred. 

October  20,  1904,  the  water  was  lowered  in  the  conduit  until  the 
depth  over  the  invert  at  Shaft  No.  1  was  such  as  to  permit  of  an 
examination  being  made  from  end  to  end,  at  which  time  it  was  dis- 
covered that  the  sumps  at  Shaft  No.  1  and  Shaft  No.  2  had  not  been 
closed.  In  addition  to  the  open  sumps,  considerable  water  was  coming 
into  the  conduit  through  a  number  of  large  open  joints  in  the  brick- 
work, and  from  several  particularly  wet  spots  in  the  arch  between 
Shafts  No.  8  and  No.  11,  but  by  far  the  largest  proportion  of  leakage 
was  from  the  two  open  sumps,  as  the  gagings  later  given  will  show. 


Closing  Sumps. 

The  sump  at  Shaft  No.  1  was  closed  in  the  following  manner:  An 
opening  about  8  feet  long  by  5  feet  wide  was  cut  through  the  brick 
invert  and  concrete  cradle  for  a  depth  from  the  center  of  invert  of 
24  inches.  The  center  of  the  sump  thus  formed  was  further  excavated 
by  blasting  the  rock  for  a  depth  of  14  or  15  inches  to  accommodate 
the  suction  of  the  No.  11  Cameron  pump,  which  was  arranged  to 
pump  the  water  away  from  this  sump  until  it  was  finally  closed.  Over 
the  bottom  of  the  excavation  coarse  gravel  and  boulders  were  care- 
fully spread  by  hand  and  leveled  for  a  foundation  for  the  casting  or 
*'sump  closer."  On  the  gravel  was  set,  and  lined  and  leveled,  a  flared 
cast-iron  box,  measuring  6  feet  6^  inches  in  length,  by  3  feet  3^  inches 
in  width  over  the  lower  flange,  and  5  feet  10^  inches  in  length,  by  2 
feet  6i  inches  in  width  over  the  upper  flange,  wath  an  anchor  flange 
at  midheight  having  a  mean  of  above  dimensions. 

The  internal  dimensions  of  the  box  were  5  feet  1\  inches  long  at 
the  bottom,  and  5  feet  long  at  the  top,  by  2  feet  4^  inches  wide  at  the 
bottom,  and  1  foot  8  inches  wide  at  the  top.  Across  the  casting  at 
midlength  a  bridge  was  cast. 

The  upper  flange  was  planed  and  drilled  for  one-inch  diameter 
studs,  and  the  casting  was  closed  by  a  cover  divided  at  midlength 
with  a  sharp  "  V'' -shaped  groove  for  lead  joint  at  the  junction  of  the 
two  plates. 

The  box  was  everywhere  1^  inch  thick,  and  the  cover  1^  inch 
thick. 

One  section  of  the  cover  plate  was  bored,  drilled,  and  tapped  in 
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the  center  for  a  6-inch  union  flange  and  short  6-inch  nipple  with  a 
flange  on  the  top  to  accommodate  the  suction  of  the  Cameron  pump. 

The  casting  was  leveled  on  the  gravel  base;  the  water  pumped  down 
to  and  maintained  at  the  level  of  the  lower  flange,  and  the  box  con- 
creted in  place,  leaving,  of  course,  the  center  open  to  serv^e  as  a  sump 
until  the  opening  was  finally  closed.  After  the  concrete  had  set  for 
two  weeks,  the  cover  plates  were  bolted  down  on  white  pine  gaskets; 
the  ' '  V  "  opening  between  the  plates  caulked  w4th  lead,  and  the  pump 
suction  reduced  in  size  and  set  in  the  6-inch  riser  in  one  of  the  co\Tr 
plates.  The  riser,  upon  removal  of  the  pump,  was  closed  with  a 
6-inch  flange  bolted  down  on  a  white  pine  gasket. 

To  bring  the  water  freely  from  the  sides  of  the  sump  to  the  center 
of  the  casting  short  lengths  of  old  4-inch  boiler  flues  were  set  in  place 
as  the  gravel  was  laid. 

When  the  sump  was  closed,  it  was  perfectly  water-tight.  All  the 
work  connected  with  the  placing,  concreting,  and  final  closing  of  the 
casting  was  performed  under  the  super\dsion  of  Mr.  John  E.  Powell, 
superintendent  in  charge  of  repairs. 

At  the  open  sump  at  Shaft  No.  2  a  different  plan  was  adopted. 
Here  the  original  plan  was  to  square  the  openmg  carefully  to  the 
smallest  possible  dimensions;  fill  the  hole  with  coarse  gravel;  set 
above  it,  on  the  invert,  a  stout  wooden  form  braced  down  and  made 
watertight  by  caulking  around  the  edges,  and  piunp  grout  into  the 
opening  under  50  or  60  pounds'  pressure  through  a  2-inch  pipe  set  in 
the  form.  In  cutting  out  the  hole  the  workmen  misunderstood  orders 
and  made  the  sump  large  enough  to  receive  the  form.  This  mistake 
or  blunder  caused  at  least  two  weeks'  additional  work,  and  largely 
increased  the  cost  and  difficulty  of  closing  the  sump. 

Several  expedients  were  adopted  and  failed  of  the  purpose,  and 
finally  a  No.  4  centrifugal  pump  of  400  gallons  capacity  a  minute  was 
set  up  near  the  sump.  An  alternating  current  motor  was  procured 
and  set  up  on  a  temporary'  timber  platform,  and  belted  to  the  pump, 
and  the  current  to  operate  the  motor  carried  in  from  Shaft  No.  1 — 
a  distance  of  1400  feet.  The  suction  of  the  pump  was  then  set  in 
the  bottom  of  the  sump,  and  the  discharge  set  in  a  sluice-box  which 
delivered  the  water  north  of  a  temporar}'  sand-bag  and  clay  dam 
placed  north  of  the  sump. 

A  similar  dam  was  built  south  of  the  sump,  and  the  water  from 
south  of  Shaft  No.  2  flumed  across  the  opening  under  the  shaft. 

When  the  pump  was  put  in  service,  delivering  about  350  gallons  a 
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minute,  the  sump  and  invert  of  the  conduit  were  laid  dry,  and  opera- 
tions to  close  the  sump  permanently  commenced. 

In  the  center  of  the  sump,  on  a  coarse  gravel  foundation,  as  at  Shaft 
No.  1,  a  short  length  of  12-inch  steam  pipe  with  a  flange  top  and 
bottom  was  set,  with  the  upper  flange  about  5  inches  below  the  line 
of  tunnel  invert.  In  this  nipple  was  set  the  suction  pipe  of  the  centrif- 
ugal pump,  which  was  operated  constantly  day  and  night  to  keep 
the  opening  dry. 

Railroad  bars,  cut  about  four  feet  long,  were  placed  at  right  an^es 
and  diagonally  across  the  opening  above  the  lower  flange  of  the 
12-inch  nipple,  and  securely  anchored  at  the  ends  under  the  old  con- 
crete cradle  of  the  conduit.  Concrete  was  then  rammed  in  the  dry 
hole  up  to  the  level  of  the  upper  flange,  around  the  nipple,  and  up  to 
the  line  of  the  invert  around  the  hole  outside  the  nipple.  The  nipple, 
after  the  concrete  had  set  for  over  a  week,  was  closed  with  a  blank 
flange  bolted  down  on  a  white  pine  gasket,  and  the  depression  of  four 
or  five  inches  over  the  cap  finished  to  the  Une  of  the  invert  with  a 
fine  cement  mortar.    This  sump  when  closed  was  perfectly  watertight. 

When  the  sumps  were  closed,  a  portion  of  the  water  which  previ- 
ously issued  from  them  forced  its  way  through  the  concrete  and  brick- 
work between  Shafts  Nos.  1  and  3.  The  work  at  Shaft  No.  2  was  also 
conducted  under  the  supervision  of  Mr.  Powell. 

In  anchoring  in  place  with  concrete,  the  sump  casting  at  Shaft  No. 
1,  and  the  nipple  at  Shaft  No.  2,  due  consideration  was  given  to  the 
pressures  which  would  come  upon  them  when  closed,  and  the  water 
forced  to  seek  other,  though  less  convenient,  points  of  efflux. 

The  hydrostatic  pressure  of  the  water  in  the  rock  at  the  bottom  of 
the  conduit  was  roughly  43  pounds  per  square  inch,  and  the  upward 
pressure  on  the  sump  casting  at  Shaft  No.  1,  and  on  the  nipple  and 
railroad  bars  at  Shaft  No.  2,  was  estimated  as  over  40  tons  in  each 
instance. 

The  necessity  of  operating  a  power  pump  at  Shaft  No.  2,  so  far 
from  the  only  open  shaft  at  the  north  end  of  the  conduit,  imposed 
an  unusual  difficulty,  and  nothing  in  all  probability  could  have  satisfied 
the  conditions  so  well  as  the  electric  current  and  motor  employed. 

Many  open  weepers  and  joints  in  the  brickwork  were  found,  and 
all  these  were  carefully  closed  with  poplar  plugs  and  white  pine 
wedges,  and  where  considerable  water  flowed  in  spots  from  the  roof 
or  arch,  holes  were  jumpered  through  the  brickwork  and  concrete, 
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Plate  XVI.— Temi-orary  Head  IIoise,  Shaft  No.  1. 
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iron  pipes  driven  in,  and  grout  pumped  over  the  arch  under  pressures 
up  to  100  pounds  per  square  inch. 

Grout  was  used  generally  in  the  proportion  of  four  parts  of  cement 
to  one  part  of  fine  sand,  although  in  some  cases  the  sand  was  omitted. 

Upon  entering  the  conduit  considerable  dirt,  debris  timber,  and 
loose  brick  from  the  construction  work  were  foimd  lying  on  the  invert. 
Planks  left  in  the  timnel  had  become  water-logged  and  impregnated 
with  iron  from  the  rock  water,  and  lay  on  the  invert.  All  this  material 
was  removed,  slush  from  the  cement  mortar  used  in  laying  the  brick- 
work carefully  washed  out,  and  removed  either  at  Shaft  No.  1  or 
Shaft  No.  11,  whichever  happened  to  be  nearest. 

In  closing  the  shafts  after  the  pumps,  pipes  and  other  hamper  were 
removed,  steel  buckle  plates  one-quarter  inch  thick,  bent  to  the  in- 
trados  of  the  brick  arches,  were  set  on  the  lower  flanges  of  the  "  \" 
beams  spanning  the  shafts,  and  left  in  place  after  the  brick  arches 
were  turned  and  covered  with  concrete.  This  was  done  to  avoid  the 
use  of  wooden  centers,  which  could  not  conveniently  be  removed  after 
the  arches  were  turned. 

It  is  probable  that  all  the  real  work  performed  in  closing  the  sumps 
and  weepers,  in  plugging  open  joints  in  the  brickwork,  and  in  grouting 
over  the  arches,  could  have  been  performed  by  the  contractor  before 
he  drew  the  pimips  from  Shaft  No.  1,  at  a  cost  of  $1,000,  while  the 
operations  performed  under  unusual  difficulties,  of  installing  new 
pumping  machinery,  hoisting  apparatus,  steam  and  water  pipes, 
electric  currents,  etc.,  including  all  labor  of  cleaning  out  the  conduit, 
cost  over  $22,000,  illustrating  the  old  adage  that ''  Haste  makes  waste," 
and  the  other  old  adage,  that  ''What  is  not  in  a  man's  head  is  in  his 
heels." 

Measuring  the  Leakage. 
Information  on  the  leakage  of  structures  like  the  Torresdale  conduit 
is  very  meager;  few  such  conduits  have  been  built,  and  very  little 
data  recorded  of  the  water  lost  or  gained  either  during  or  after  construc- 
tion, and  of  the  structure  in  service.  The  inverted  siphon  of  the 
second  Croton  aqueduct  under  the  Harlem  River;  the  Washington 
aqueduct,  and  the  Jersey  City  conduit  are  examples  in  point;  ordinary 
railway  tunnels  are  not  comparable  to  the  Torresdale  conduit,  because 
the  former  are  nearly  always  cut  through  elevated  ridges  or  knobs 
much  above  tide  level,  are  usually  self-draining,  and  not  subject  to 
the  influence  of  the  water-level  in  nearby  streams  at  higher  elevation 
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than  the  line  of  the  work.  Exceptions  may  be  noted  in  railway 
tunnels  which  pass  under  rivers  like  the  St.  Clair  Tunnel  at  Detroit, 
the  tunnels  under  the  Chicago  River  at  Chicago,  and  under  the  Thames 
in  London.  The  Wachuset  aqueduct,  which  is  a  similar  structure,  I 
am  advised  by  Mr.  Frederick  P.  Steams,  chief  engineer  of  the  Metro- 
politan Water  Board,  Boston,  was  not  tested  for  watertightness. 
No  evidence  of  leakage  is  known  to  exist,  but  no  data  have  been 
recorded  to  prove  absolute  watertightness  of  the  structure.  No  data 
are  to  be  found  in  the  office  of  the  city  engineer  of  Chicago,  showing 
either  construction  or  service  leakage  of  the  lake  tunnels.  It  is  prob- 
able that  these  are  practically  watertight,  because  they  are  driven 
through  a  tough,  impervious  clay.  In  the  construction  of  the  Cleve- 
land tunnel  compressed  air  was  used,  and,  aside  from  this,  the  material 
through  which  the  tunnel  is  driven  was  a  tough  clay,  practically  imper- 
vious, and  therefore  not  comparable  with  the  tunnel  driven  through 
such  material  as  was  found  in  the  line  of  the  Torresdale  conduit. 


Gaging  in  Empty  Conduit. 
The  gaging  in  the  empty  conduit  was  done  with  a  15-inch  braes 
weir  screwed  to  the  face  of  a  2-inch  plank,  about  7  feet  long,  cut  to 
the  radius  of  the  invert  5  feet  3i  inches.  The  weir  plate  was  accu- 
rately constructed  with  a  sharp  edge  uniformly  15  inches  long,  with 
a  depth  of  notch  of  6  inches.  After  this  had  been  carefully  set  plumb 
at  right  angles  to  the  axis  of  the  conduit,  ^dth  the  crest  of  the  weir 
level,  and  secured  in  position  by  bracing  against  the  arch,  and  by  the 
use  of  sand-bags  placed  on  the  down-stream  side  of  the  weir  clear 
of  the  notch  and  overfall,  the  joint  between  the  segment  of  the  jdank 
and  the  brickwork  was  made  tight  with  clay,  so  that  all  water  was 
required  to  pass  through  the  notch  of  the  weir.  The  gaging  was  done 
by  measuring  from  a  stiff  arm  attached  to  the  top  of  the  weir  board 
and  extending  about  two  feet  up-stream,  carrying  at  its  end  a  thin, 
vertical  strip  of  wood  with  small  wooden  lug  at  the  bottom.  The 
lug  was  in  each  case  carefully  adjusted  to  the  level  of  the  crest  of  the 
weir  by  a  straight  edge  and  spirit-level,  and  fixed  firmly  in  position. 
The  depths  on  the  weir  were  gaged  by  means  of  a  thin  steel  rule  set 
on  the  lug.  The  accuracy  of  adjustment  of  the  lug  was  tested  before 
and  after  readings  were  taken,  and  the  depth  on  the  weir  was  deter- 
mined by  taking  the  submerged  length  of  the  rule  from  the  lug  to 
the  level  of  the  water. 


Plate  XVII.— Foot  of  Shaft  No.  1. 


Platk  XVIII. — Lining  of  Tuhnf.l  under  Shaft  No.  2. 
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Readings  of  the  flow  in  the  tunnel  were  taken  at  intervals  of  fifteen 
minutes,  and  until  they  showed  no  further  increase  in  the  head  on 
the  weir.  After  the  regime  of  water  flow  was  established  in  this 
manner,  the  weir  was  then  moved  to  a  new  station.  The  heads  noted 
on  the  weir  at  different  points  were  converted  into  volumes  of  flow 
after  the  formula — 
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In  the  following  table  are  given  the  final  gagings  taken  before  the 
pumps  were  removed  from  Shaft  No.  1.  The  notes  from  stations 
south  of  Shaft  No.  2  were  taken  before  all  the  operations  for  reduction 
of  the  leakage  had  been  completed,  but  the  gagings  at  Shaft  No.  2, 
and  at  the  top  of  Shaft  No.  1,  took  into  account  all  the  water  flowing 
at  the  respective  stations,  which  included  for  Shaft  No.  2  all  leakage 
between  that  station  and  Shaft  No.  11,  and  the  gaging  at  Shaft  No.  1 
of  course  included  all  water  coming  from  the  conduit.  It  is  thus 
probable  that  the  leakage  south  of  Shaft  No.  2  was  less  than  the 
table  shows,  and  the  leakage  from  Shaft  No.  1  to  Shaft  No.  2  cor- 
respondingly more  than  364  gallons  a  minute. 


Station. 


Length  or 

Tunnel 

Embraced  in 

Oaoino. 
Linear  Feet. 


Flow  for 
Station, 
Gallons. 


»  aocvmitlatbo 

Flow 

AT  Station. 

Oallonb. 


AtShaftNo.il, 

Between  Shafts  Nos.  9-10, 

8-9,    

7-8,    

6-7,    

5-6,    

4-5 

3-4,    

2-3,    

From  midway  between  Shafts  Xos. 
2-3  to  and  mcluding  Shaft  No.  1,  . . 


0 
1557.81 
1345.00 
1607.50 
1537.50 
1557.00 
1508.00 
1442.00 
1238.00 

2016.00 


9 
84 
23 
81 
57 
92 
84 
44 
162 

202 


9 
93 
116 
197 
254 
346 
430 
474 


838 


Of  the  838  gallons  a  minute  for  the  whole  conduit,  364,  or  over  40 
per  cent.,  occur  between  Shaft  No.  1,  and  midway  between  Shafts 
Nos.  2  and  3,  a  distance  of  2016  linear  feet. 

For  a  period  of  fifteen  days, — June  1  to  15  inclusive,  1903, — ^at  a 
time  when  the  water  from  Shaft  No.  1  and  its  connected  headings 
was  being  pumped  separately,  i.  c,  when  the  water  from  one  section 
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of  the  work  was  not  allowed  to  flow  to  and  be  pumped  from  another 
section,  the  average  leakage  was  at — 

ChUloiM  a 
Minute. 

Shaft  No.  1, 350 

2, 336 

3, 122 

Total, 808 

For  a  period  of  fifteen  days — June  16-30  inclusive: 

Shaft  No.  1, 294 

2, 416 

3, 102 

Total, 812 

For  a  period  of  fifteen  days — July  1-15  inclusive: 

ShaftNo.  1, 248.2 

2, 362.8 

3, 96.0 

Total, 707.0 

For  a  period  of  sixteen  days — July  16-31  inclusive: 

ShaftNo.  1, 305 

2, 328 

3, 95 

Total, 728 

For  a  period  of  fifteen  days — August  1-15  inclusive: 

ShaftNo.  1, \ 319 

2, 340 

3, 94 

Total, 753 

For  a  period  of  fifteen  days — August  17-31  inclusive: 

ShaftNo.  1, 244 

"        2, 346 

3, 96 

Total, 686 

For  a  period  of  fifteen  days — September  1-15  inclusive: 

ShaftNo.  1, 277 

2, 324 

3, 98 

Total, 699 

For  a  period  of  fifteen  days — September  16-30  inclusive: 

Shaft  No.  1 , 22S 

2, 327 

3, m 


Total, .,.,644 


i 


Ti  trp.  XlX — Li!ii?^<,  ,»f  li  ssLi    I  stt*;ii  i^WAn    Su, 


Plate  XX.— Closing  Weeper  in  Invert,  Shaft  No.  3. 
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These  gagings  were  not  taken  with  the  precision  of  those  upon 
which  the  present  leakage  of  the  conduit  is  based,  but  are  deemed 
sufficiently  accurate  for  the  present  purpose,  and,  comparing  these 
leakages  with  the  leakage  for  the  same  sections  after  the  operations 
connected  with  the  examination  and  repair  of  the  conduit  were  com- 
pleted, yiz.f  408  gallons  per  minute,  will  show  a  reduction  of  44  per 
cent.  A  part  of  this  reduction,  of  course,  must  be  credited  to  the 
arching  of  the  tunnel  and  relie\dng  arches  under  the  working  shafts, 
which,  however,  would  apply  only  to  Shafts  Nos.  2  and  3. 

Upon  closing  the  working  shafts  prior  to  April  8,  1904,  readings 
were  promptly  taken  of  the  elevation  of  water  in  the  conduit  at  Shaft 
No.  1,  and  later  at  Shaft  No.  11,  when  it  rose  to  sufficient  height  to  be 
gaged  from  the  iron  staging  in  the  latter  shaft  with  results  as  follows: 

On  April  8  (the  first  day  of  gaging)  the  elevation  of  water  in  Shaft 
No.  1  was  95.467  T.  D.,  or  6.397  feet  above  the  invert  of  the  arch. 

By  April  18,  during  a  period  of  ten  days,  the  water  had  risen  to  an 
elevation  182.15  T.  D.,  at  which  time  it  was  thought  that  the  rate 
of  inflow  was  too  great  to  be  accounted  for  upon  the  supposition  that 
the  sump  at  Shaft  No.  1  and  all  weepers  had  been  closed. 

Prior  to  closing  the  last  three  working  shafts,  viz.,  Nos,  2,  7,  and  9, 
the  flow  of  water  from  the  sump  at  Shaft  No.  1  was  very  large,  and 
it  was  thought  that,  excepting  with  great  care  upon  the  part  of  the 
workmen,  this  sump  would  not  be  either  effectually  or  neatly  closed, 
and  investigations  were,  therefore,  begun  to  determine  whether  the 
last  efforts  necessary  to  reduce  the  leakage  to  a  minimum  had  been 
properly  made. 

The  best  gagings  previous  to  closing  the  last  three  working  shafts 
(April,  1904)  indicated  a  probable  flow  of  922  gallons  a  minute, 
divided  as  follows: 


Station — Shafts — Headings. 


Distance 
I         Between 

Stations, 
I     Linear  Febt. 


Accumulated 
Leakage. 
Gallons. 


Shaft 

South 

South 

South 

South 

South 

Shaft 

Midway 

Midway 


9  to  11, '        2112.81 

8  to    9 790.00 

7  to  North  9, 1607.50 

6  to  North  8, 1593.60 

5  to  North  7, 1452.5ti 

3  to  North  6, 2939.29 

2  to  North  4, 1952.10 

1  and  2  to  2, 675.6S 

1  and  2  to  1, 675.60 

6 
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Gagings  between  all  the  shafts,  previous  to  placing  the  larger  por- 
tion of  the  brick  lining  and  concrete  backing,  determined  by  the 
operation  of  the  pumps  at  each  of  the  respective  shafts,  gave  leaki^es 
as  follows: 

Stiaft.  OaUcru  per 

No.  Minute. 

1, 517.50 

2, 312.00 

3, 367.00 

4, 85.00 

5, 125.00 

6, 120.00 

7, 145.00 

8, 175.00 

9, 110.00 

10, 155.00 

11, 64.00 

2,175.50 

Comparing  the  last  gagings  (December,  1904)  with  these  leakages, 
which  generally  represent  the  unrestrained  flow  of  water  through  the 
shattered  rock  after  blasting  at  the  headings  and  benches,  the  reduc- 
tion of  the  inflow  of  water  amounts  to  about  61.50  per  cent. 

Considering  Shafts  Nos.  1,  2,  and  3,  the  gagings  made  during  the 
first  three  months  of  1903,  in  advance  of  the  lining  of  the  tunnel,  show 
an  average  leakage  of  1196.50  gallons  a  minute,  and  compared  to  the 
last  gagings  taken  after  the  lining  was  about  completed,  but  before 
the  working  shafts  were  closed  (October,  1903),  show  a  reduction  of 
46  per  cent.,  and  compared  with  the  December,  1904,  gaging,  a  re- 
duction of  70  per  cent. 


Elevation  of  Ground  Water. 
While  the  elevation  of  ground  water  has  been  assumed  at  198.00 
T.  D.,  or  slightly  above  high  tide  in  the  Delaware  River  along  the 
line  of  the  conduit,  the  gagings  taken  last  April,  after  the  conduit 
was  closed,  and  since  December  17,  when  the  repairs  on  the  work 
were  completed  and  the  pumps  and  machinery  removed,  indicate  that 
this  may  be  too  high,  and  that  the  mean  level  of  ground  water  along 
the  line  of  the  conduit  is  not  coincident  with  or  above  high  tide.  Of 
course,  considerable  time  will  be  required  for  the  water  to  attain  its 
normal  level,  but  assuming  that  it  may  be  197.00  T.  D.,  then  the 
difference  between  the  maximum  elevation  of  water  in  Shaft  No.  1 
and  ground  water  will  be  10  feet — i.  e.,  the  head  on  the  inside  of  the 
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conduit  will  be  10  feet  greater  than  the  water  in  the  drift  and  rock 
on  the  outside  of  the  conduit. 

At  elevation  190.00  T.  D.,  or  7  feet  below  probable  normal  elevation 
of  ground  water,  the  known  leakage  into  the  conduit  since  the  sumpe 
and  open  weepers  have  been  closed,  and  particularly  bad  spots  in 
the  roof  grouted  under  pressure,  was  at  the  rate  of  65  gallons  a  minute ; 
and,  reasoning  by  analogy  that  when  the  water  in  the  conduit  is  at 
mean  elevation,  Shafts  No.  1  to  No.  11,  of  202.70  T.  D.,  or  5.7  feet 
above  assumed  elevation  of  ground  water,  the  leakage  would  be  no 
greater,  it  would  then  appear  that  the  daily  leakage  will  not  be  in 
excess  of  93,600  gallons,  or,  say,  100,000  gallons  a  day,  an  amount 
which  would  readily  be  allowed  for  an  equivalent  system  of  cast-iron 
pipes  operating  under  the  same  conditions. 


Waterti  ghtness  . 

In  preparing  the  plans  and  specifications  the  term  *'watertightness" 
was  frequently  used.  This  was  meant  watertight ness  within  the  limi- 
tations of  the  materials  to  be  used  in  lining  the  permanent  shafte 
and  tunnel,  and  no  arbitrary  leakage  was  fixed  in  the  specification, 
because  it  was  not  possible,  in  advance  of  dri\ijig  the  headings,  to 
make  an  accurate  calculation  of  the  amount  of  water  that  would  be 
encountered.  It  was  known  from  the  diamond  drill  borings  along  the 
line  of  the  work  that  water  would  be  found  in  the  drift  and  rock  at 
certain  depths,  and  an  effort  was  made  to  show  at  what  depth  water 
would  be  found,  and  to  indicate  whether  the  flow  was  large  or  other- 
wise. The  diamond  drill  borings  that  preceded  the  preparation  of 
the  plans  for  the  work  were  conducted  not  so  much,  however,  to  deter- 
mine the  presence  of  water  in  the  rock  as  to  indicate  the  character  of 
the  rock,  and  to  furnish  data  upon  which  to  fix  the  center  line  of  the 
tunnel. 

Considering  the  elevation  of  the  center  line  of  the  conduit  with 
reference  to  sea-level  or  mean  tide  in  the  Delaware  River,  it  should  be 
obvious  that  the  rock  was  bound  to  contain  a  considerable  volume  of 
water,  and  that  when  headings  were  driven  into  it,  a  flow  would  be 
encountered,  the  quantity  of  which,  however,  could  not  be  detennined 
in  advance.  In  close-grained  rock,  without  fissures,  and  with  little 
injury  to  seams  in  blasting,  the  flow  would  naturally  be  much  less 
than  if  the  rock  was  f)orous,  heavily  fissured,  and  considerabi}'  dis- 
turbed in  carrying  on  the  operations  of  tunneling.    Therefore  it  was 
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impossible,  at  the  time  the  specification  was  prepared,  to  indicate 
any  standard  for  leakage,  but  the  intention  was  to  retiuce  this  to  the 
least  possible  quantity  in  a  brick-line<l  tunnel  and  shafts,  thoroughly 
backed  with  first-class  concrete. 

Considering  that  the  mean  center  line  of  the  tunnel  is  over  100  feet 
below  ground  level,  and  about  100  feet  below  mean  tide  in  the  Dela- 
ware River,  it  would  scarcely  be  reasonable  to  assume  absolute  water- 
tightness  for  a  work  so  constructed,  nor  is  there  any  evidence  before 
me,  and  I  have  sought  it  in  records  of  similar  works  in  this  country 
and  abroad,  that  masonr\'  conduits  of  this  description  have  ever  been 
even  approximately  watertight,  excepting,  as  in  the  case  of  the  Cleve- 
land and  Chicago  lake  tunnels,  where  they  are  driven  through  a  tough, 
impervious  blue  clay,  and,  as  I  am  informed,  no  serious  trouble  was 
experienced  from  ground  water  during  construction. 

Under  conditions  of  service,  assuming  the  elevation  of  the  water 
in  Shaft  No.  1  as  207.00  T.  1).,  and  the  elevation  of  the  water  in  Shaft 
No.  11  as  198.00  T.  D.,  then  the  mean  elevation  of  the  hydraulic  grade 
line  of  the  conduit  will  be  202.50  T.  1).  Taking  normal  ground  water 
level  at  197.00  T.  D.,  the  mean  unbalanced  head  throughout  the  length 
of  the  conduit  would  be  5^  feet.  Proportioning  the  leakages  on  the 
square  roots  of  the  heads  with  the  conduit  in  service  and  with  the 
conduit  empty — 

QQfl  V  lA?  «  193.60,  or  say  200  gallons  a  minute,  or  288,000  gallons  a  day,  or 
1,  103       l^ss  than  j'g  per  cent,  of  the  carrying  capacity  of  the  conduit. 

It  has  already  been  shown  that  the  rate  of  leakage  does  not  vary 
as  the  y  of    the    heads,  but   as  some   other    function    of   the 

head,  the  value  of  which,  for  lack  of  time,  has  not  been  determined. 
In  the  absence  of  an  expression  which  will  fit  the  conditions  of  rise 
of  water-level  and  leakage  into  the  conduit  such  comparisons  as  will 
be  made  with  other  conduits  under  pressure  will  l>e  upon  the  assump- 
tion that  the  leakage  does  var}'  as  the  scjuare  roots  of  unbalanced 
heads. 

Considering  structures  which  bear  a  similarity  to  the  Torresdale 
conduit : 

The  Jersey  City  conduit  Ls  a  structure  S  (wi  0  inches  internal  diam- 
eter, lined  with  concrete.  Section  1  has  a  length  of  4(M)  feet,  of  which 
1600  feet  is  in  tunnel  through  shale  and  sandstone,  and  IMHH)  feet  in 
open  cut.  The  leakage  of  this  during  const mction  amounted  to 
134,000  gallons  a  day  of  twenty-four  hours. 
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Platk  XXIV.— Lining  or  Tixnel  vndrr  Shaft  Xo.  7. 
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Assuming  that  it  was  fairly  distributed  through  the  entire  length 
of  the  work,  this  would  give  for  the  length  and  diameter  of  the  Tor- 
resdale  conduit — 

134,000  X  10.58  X  14,000       .^_  ^^«      »  .  oeo  c       n  •     * 

— :^tr\y''Aarirr~ "  507,623  gallons  a  day,  or  362.5  gallonB  a  minute. 

o.O  X  4oUU 

Section  4,  of  the  same  work,  the  Watchung  Mountain  tunnel,  7300 
feet  long,  is  constructed  entirely  in  tunnel,  probably  through  the  same 
material  as  was  found  in  the  tunnel  operations  on  Section  1.  The 
leakage  of  this  section  was  at  the  rate  of  about  2,000,000  gallons  a 
day  of  twenty-four  hours,  and  the  corresponding  leakage  for  the  Tor- 
resdale  conduit  would  be — 

2,000,000  X  10.58  X  14,000  ^  4,774,214  gallons  a  day  of  twenty-four  hours, 
8.5  X  7300  ""  or  3315.4  gallons  a  minute. 

The  head  on  the  ground  water  in  Section  4  of  the  Jersey  City  conduit 
is  probably  160  feet,  and,  correcting  the  leakage  on  the  square  roots 
of  the  heads,  the  corresponding  leakage  for  a  tunnel  of  the  length 
and  diameter  of  the  Torresdale  conduit,  and  under  the  same  water 
head,  would  be: 

4,774,814  X  ^—-^  «  3,828,919  gallons  a  day,  or  2659  gallons  a  minute. 
Vl60 

The  New  York  shaft  of  the  Harlem  River  conduit  has  a  present  leakage 
of  about  300  gallons  a  minute.  This  is  leakage  from  the  aqueduct 
shaft  to  a  pump  shaft  designed  for  use  as  a  sump,  and  cannot  very 
well  be  compared  to  the  Torresdale  conduit,  because  in  one  case  it  is 
a  structure  under  a  head,  when  empty,  of  over  103  feet,  while  the 
other  is  a  shaft  having  a  head  varying  from  0  to  the  depth  of  the  shaft. 
If  any  attempt  was  made  to  compare  the  depth  and  diameter  of  the 
New  York  shaft  with  the  length  and  diameter  of  the  conduit,  it  would 
then  appear  that  the  allowable  conduit  leakage  would  be  enormous, 
as  shown  hereafter,  and  it  would  be  better  to  consider  the  leakage 
of  the  New  York  shaft  in  service  \\dth  the  probable  leakage  of  the 
Torresdale  conduit  when  in  service,  because  the  leakage  reported  for 
the  shaft  at  the  New  York  end  of  the  Harlem  River  siphon  is  service 
leakage,  and  not  leakage  of  the  empty  structure. 

Comparing  the  New  York  shaft  of  the  Harlem  River  siphon  (which 
is  12  feet  3  inches  in  diameter,  318  feet  deep)  for  water  depth  and 
diameter  with  the  length  and  diameter  of  the  Torresdale  conduit,  and 
assuming  losses  of  water  or  leakage  proportioned  to  the  square  roots 
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of  the  respective  water  heads,  we  have  the  following  as  the  corre- 
sponding leakage  of  the  conduit. 

Wetted  surface  of  Harlem  shaft: 

38.48  X  318  «  12,236.64  square  feet. 
Wetted  surface  of  conduit: 

33.25  X  14,000  «  465,500  square  feet. 

Ratio  of  wetted  surfaces: 

^  466,500  ^ 
12,236.64        ^* 

Ratio  of  mean  square  roots  of  effective  water  heads: 

1/10338      10.17 


V/ 141.37       11.89 


-  0.855 


and  the  corresponding  leakage  of  conduit  based  on  Harlem  River 
shaft  should  be : 

300  X  38.12  X  0.855  -  9777.78  gallons  a  minute,  or  14,080,000  gallons  a  day 

of  twenty-four  hours. 

The  Buffalo  conduit  or  intake,  which  conveys  the  water  from  a  pier 
at  the  head  of  the  Niagara  River  into  the  pump-wdl  of  the  Buffalo 
pumping  station,  is  a  structure  blasted  through  the  Niagara  limestone, 
cut  to  a  section  about  8x8  feet,  and  unlined.  The  intake  is  1020 
feet  long,  and  during  construction  leaked  at  the  rate  of  1,000,000 
gallons  an  hour,  or  24,000,000  gallons  a  day,  equivalent  to  16,667 
gallons  a  minute.  The  tunnel  is  about  65  feet  below  the  surface  of 
the  ground,  and  probably  about  60  feet  below  the  level  of  water  in 
the  Niagara  River. 

Omitting  the  large  flow  of  water  mentioned  above,  which  came  from 
another  source  than  the  river,  the  leakage  was  said  to  be  very  small — 
not  over  500  gallons  a  minute  when  the  tunnel  was  empty  or  pumped 
out.  Of  course,  when  the  tunnel  was  filled  there  was  probably  no 
leakage  at  all,  because  the  pressure  of  water  inside  and  outside  would 
be  quite  the  same. 

Neglecting  the  difference  of  sections  and  effective  heads  of  water, 
and  proportioning  leakage  on  lengths  only,  and  assuming  the  least 
recorded  leakage,  the  Buffalo  conduit  for  a  length  equal  to  the  Tor- 
resdaie conduit,  both  considered  as  empty  structures,  should  have 
leaked  at  the  rate  of  6,863  gallons  a  minute,  or  at  about  eight  times 
the  rate  of  known  leakage  for  the  empty  Torresdaie  conduit. 
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Platb  XXVI. — Lining  of  Tunnel  undbr  Shaft  No.  9. 
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During  the  year  1903,  Atlantic  City,  New  Jersey,  laid  a  wood  stave 
pipe,  42  inches  in  diameter,  9807.4  feet  long.  This  was  tested  for 
watertightness  when  completed  under  10  pounds'  pressure,  and  gave 
a  leakage  at  the  rate  of  78  gallons  a  minute. 

Comparing  this  to  the  Torresdale  conduit,  and  assuming  the  leakage 
to  bear  some  relation  to  the  internal  surface  of  the  pipe  and  conduit, 
and  that  it  should  be  proportioned  on  the  square  roots  of  the  respective 
heads,  then  the  leakage  for  the  Torresdale  conduit  compared  to  the 
Atlantic  City  wood  stave  pipe  would  be  164.25  a  minute. 

A  wood  stave  pipe  should  be  as  tight  as  a  steel  riveted  pipe,  and 
should  represent  the  minimum  leakage  for  water-carrying  conduits, 
and  yet  it  is  evident  that  this  leakage,  under  the  conditions  of  test 
(which  I  understand  are  substantially  the  conditions  of  service),  is 
greater  than  the  service  leakage  anticipated  for  the  bricklined  Tor- 
resdale conduit. 

An  equivalent  in  carrying  capacity  of  the  Torresdale  conduit,  as 
stated  heretofore,  would  be  38.8  miles  of  48-inch  cast-iron  pipe.  An 
allowable  leakage  of  10,000  gallons  per  mile  per  day  of  48-inch  pipe 
under  a  pressure  of  50  pounds  per  square  inch  has  been  a  standard 
to  which  the  Bureau  of  Filtration  has  endeavored  to  lay  the  various 
water-pipes  about  filters  and  reservoirs  and  in  the  distribution  sys- 
tems, and  assuming  this  value  to  apply  to  the  lines  of  cast-iron  water 
pipe  which  would  have  been  required  to  balance  in  carr\'ing  capacity 
the  Torresdale  conduit,  the  daily  leakage  then  would  be  388,000 
gallons  a  day.  The  pressure  on  the  empty  conduit  amounts  to  about 
44.61  pounds  per  square  inch,  and,  proportioning  this  upon  the  square 
roots  of  the  pressures,  an  allowable  daily  leakage  for  the  conduit 
empty  compared  to  cast-iron  lead-jointed  pipes,  made  up  in  12-foot 
lengths,  would  be: 

388,000X6.679       ^ar  aao       ii  a 

7  071         ^  366,448  gallons  a  day. 

The  leakage  of  cast-iron  pipe  is  presumed  to  occur  onl}-  at  the 
joints,  which  are  spaced  about  12  feet  apart.  In  the  case  of  the  con- 
duit, however,  every  brick  in  the  lining  Ls  surrounded  by  a  mortar 
joint,  and  if  the  leakage  of  cast-iron  pipe  Ls  reduced  to  the  leakage 
per  linear  foot  of  joint,  and  then  compared  with  the  leakage  per  linear 
foot  of  mortar  joints  in  the  intrados  of  the  invert  and  arch  of  the 
conduit,  we  will  have  the  following  result : 
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Linear  feet  of  lead  joint  per  mile  of  cast-iron  pipe : 

48  +  2.5  X  3.1416  X  5280       _^,_  ^  ,    , 
iyX-12 -5817.2  feet. 

Allowing  10,000  gallons  leakage  per  day  per  mile: 

^  -  _  o  "  1-719  gallons  per  linear  foot  of  lead  joint. 
Ool7.^ 

The  mortar  joint  per  linear  foot  of  conduit  is  49.873  feet  for  the 
circular  joints,  and  159.60  feet  for  the  axial  joints,  or  a  total  of  209.47 
linear  feet. 

Taking  the  leakage  of  the  conduit  empty  as  838  gallons  a  minute, 
or  1,207,000  gallons  a  day  of  twenty-four  hours,  and  proportioning 
the  leakage  on  the  square  roots  of  the  pressures;  50  pounds  for  the 
cast-iron  pipe,  and  43  pounds  (in  round  numbers)  for  the  empty 
conduit,  then  the  leakage  per  linear  foot  of  joint  in  the  conduit  will  be: 

1,207,000       ^  >/5^~       ^.,      „ 
209.47^T4,000  ""  y^  ^  ^'^^  ^^"^"'^' 

and  the  ratio  of  leakage  per  linear  foot  of  joint : 

— jT-  —  about  4. 
.44 

Considering  the  two  classes  of  structures — one  with  joints  every- 
where throughout  its  length  and  circumference,  and  the  other  with 
joints  occurring  only  at  intervals  of  12  feet — this  is  an  interesting  if 
not  the  correct  method  of  comparison. 

The  gagings  for  the  return  of  ground  water  to  the  conduit  since 
December  16  indicate  that  at  elevation  190.00,  which  is  7  or  8  feet 
below  normal  ground  water  level,  the  leakage  was  practically  nil,  or, 
from  the  records,  less  than  40  gallons  a  mmute,  showing  that  the 
theory  of  flow  upon  the  square  roots  of  the  unbalanced  heads  will 
not  apply. 

Moreover,  if  it  be  assumed  that  the  leakage  upward  for  an  un- 
balanced head  of  7  or  8  feejb  would  be  no  greater  than  the  inward 
leakage  for  the  same  difference  of  heads  between  the  water  in  the 
conduit  and  the  water  in  the  rock,  the  leakage  then  under  conditions 
of  service  should  be  even  less  than  the  amount  above  mentioned.  Of 
course,  exactness  in  this  cannot  be  stated  at  the  present  time,  nor 
until  the  conduit  is  in  service  and  exact  gagings  made  based  upon 
the  displacement  of  the  pumps  at  Lardner's  Point. 

The  probabilities  are  that  the  leakage  with  the  conduit  in  service 
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the  matter  of  out-of-town  calls,  some  attention  be  given  to  the  amounts  unpaid 
on  these  calls. 

''That  a  fireproof  safe  be  purchased  for  the  records  and  account  books  of  the 
Club. 

''That  the  proper  committee  look  into  the  value  of  the  bond  now  held  by  the 
Club  to  ascertiun  if  the  bond  could  be  sold  and  the  money  reinvested  to  better 
advantage;  that  at  the  same  time  the  question  be  taken  up  as  to  the  invest- 
ment of  the  $500  of  the  cash  balance. 

"That  the  Advertising  Committee  be  continued. 

"That  a  complete  card  index  of  the  'Proceedings'  of  the  Club  be  made, 
and  that  it  be  printed  and  distributed  to  the  members. 

"That  the  charges  for  copies  of  the  'Proceedings'  be  fixed  as  follows:  50 
cents  per  copy  to  outsiders  and  25  cents  per  copy  to  members  and  newsd^ers. 
provided  that  the  number  of  copies  of  any  nimiber  of  the  '  Proceedings '  is  not 
less  than  25,  in  which  event  enough  of  the  25  copies  are  to  be  set  aside  to  com- 
plete the  fuU  sets  of  'Proceedings '  then  on  hand,  and  the  balance  to  be  disposed 
of  to  members  only  at  the  above  price.  The  full  sets  of  the  'Proceedings'  are 
not  to  be  broken  into  for  the  purpose  of  withdrawing  single  copies,  but  are  to 
be  sold  complete.  Authors  may  secure  additional  copies  of  'Proceedings'  in 
which  their  papers  appear  at  cost,  if  they  are  ordered  before  going  to  press. 
Authors  may  secure  reprints  at  cost,  as  at  present." 

Organization  Meeting,  January  28,  1905. — Present:  President  Silas  G. 
Comfort,  Vice-Presidents  McBride  and  King,  Directors  Easby,  Davis,  Loomis, 
Dallett,  Quimby,  and  the  Secretary. 

The  President  announced  the  following  Committees:  Finance^  W.  P.  Dallett, 
G.  C.  Davis,  Joseph  B.  King;  Membership,  Wm.  Easby,  Jr.,  Geo.  C.  Davis,  W. 
P.  Dallett;  Publication,  Henry  H.  Quimby,  Wm.  Easby,  Jr.,  Thos.  C.  McBride; 
Information,  Thos.  C.  McBride,  Wm.  Easby,  Jr.,  Joseph  B.  King;  Library,  Wash- 
ington Devereux,  Joseph  B.  King,  Henry  H.  Quimby;  House,  John  T.  Loomis, 
Washington  Devereux,  Geo.  C.  Davis;  Auditors,  H.  W.  Spangler,  R.  L.  Hum- 
phrey, Francis  Head;  Tellers,  W.  E.  Bradley,  I.  W.  Hubbard,  H.  P.  Cochrane; 
Alternate  Tellers,  Emile  G.  Perrot,  Alan  Corson,  F.  E.  Dodge. 

Regular  Meeting,  February  18,  1905. — Present:  President  Silas  G.  Com- 
fort, Vice-President  McBride,  Directors  Easby,  Dallett,  Quimby,  Davis,  Loomis, 
Devereux,  the  Secretary,  and  the  Treasurer. 

The  Treasurer's  report,  dated  February  14,  1905,  showed: 

Balance,  January  1, 1905, $1417.52 

January  receipts, 1942.35 

$3359.87 

January  disbursements, 366.33 

$2993.54 

On  hand  and  in  Girard  Trust  Co $2415.11 

In  West  EndTrustCo., 578.43   $2993.54 
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will  be  so  small  that  the  most  accurate  system  of  gaging  for  the  water 
flowing  into  Shaft  No.  1,  and  for  the  water  flov\ing  out  of  Shaft  No.  11, 
would  not  indicate  a  difference — i.  e.,  the  relation  of  40  gallons  a 
minute  to  300,000,000  gallons  a  day,  or  208,333  gallons  a  minute,  is 
such  that  the  best  known  methods  of  gaging  would  not  show  a  loss 
of  J ^  of  1  per  cent,  of  the  flowing  capacity  between  the  two  ends 
of  the  conduit.  p]ven  if  the  loss  were  as  high  as  200  gallons  a  minute, 
as  figured  on  the  basis  of  the  square  roots  of  heads,  it  would  only  be 
five  times  this  quantity,  or  y\y  of  1  per  cent,  of  the  flowing  capacity 
of  the  conduit,  an  amount  entirely  too  small  to  be  indicated  with 
any  method  of  gaging  the  flow  of  the  conduit  which  could  be  con- 
veniently applied. 

As  interesting  data  upon  the  leakage  of  water-pipes,  which  bear 
some  relation  to  the  Torresdale  conduit,  Mr.  Brush  reports,  in  the 
'*  Transactions  of  the  American  Society  of  Civil  Engineers  for  1888," 
sixteen  miles  of  cast-iron  main,  var\'ing  from  4  to  20  inches  in  diameter, 
laid  after  the  usual  manner,  as  having  a  leakage  of  750,000  gallons  a 
day,  or  47,000  gallons  per  day  per  mile.  This  I  should  regard  as  a 
ver\'  large  leakage,  considering  the  size  of  the  pipe. 

He  also  reports  for  11  miles  of  24-inch  main  a  leakage  of  70,000 
gallons  a  day,  or  6,364  gallons  a  mile,  equivalent  to  12,728  gallons 
per  mile  per  day  for  48-inch  pipe.  This  leakage  is  in  excess  of  that 
allowed  for  cast-iron  pipe  under  the  rules  of  the  Bureau  of  Filtration. 

Mr.  Loweth,  in  the  **  Transactions  of  the  American  Society  of  Civil 
Engineers  for  1897,"  reports  a  10-inch  pipe  leaking  at  the  rate  of  600 
to  800  gallons  a  day,  equivalent  to  3,360  gallons  per  day  per  mile  of 
48-inch  pipe.  I  do  not  remember  that  the  narrator  locates  this  pipe, 
nor  that  the  figures  given  are  the  results  of  test.  My  impression  is 
that  this  is  what  he  would  regard  as  an  allowable  leakage  for  such  a 
pipe. 

Mr.  John  R.  Freeman,  in  his  report  to  the  city  controller  on  the 
water  supply  of  New  York,  gave  as  data  attained  from  Fall  River, 
85  miles  of  mains  under  from  80  to  120  pounds'  pressure  per  square 
inch,  with  a  leakage  of  850,000  gallons  a  day.  This  includes  not  only 
the  water-pipes,  but  the  plumbing  fixtures,  and  is  equivalent  to  10,000 
gallons  per  day  per  mile  of  pipe.  Since  the  larger  percentage  of  this 
pipe  is  under  24-inch  diameter,  it  is  apparent  that  the  leakage  is 
exces;  ive. 

In  the  same  report  Mr.  Freeman  mentions  Woonsocket,  Rhode 
Island,  with  45  miles  of  cast-iron  mains,  under  80  pounds*  pressure 
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per  square  inch,  and  a  leakage  of  218,400  gallons  a  day,  including 
plumbing  fixtures,  equivalent  to  4,853  gallons  per  day  per  mile  of  pipe. 
Considering  that  these  pipes  probably  range  from  4  to  24  inches  in 
diameter,  this  leakage  is  excessive. 

Professor  Gardner  S.  Williams,  in  the  **  Transactions  of  the  American 
Society  of  Civil  Engineers  for  1897,"  gives,  from  his  experience  in  the 
Detroit  Water  Works,  for  a  system  of  pipe  4,  6,  and  10  inches  in  diam- 
eter, average  diameter,  6.06  inches,  20,607  feet  long,  a  leakage  under 
90  pounds'  pressure  of  599  cubic  feet  in  twelve  hours,  equivalent  to 
8,961  gallons  a  day,  or  2,300  gallons  a  mile.  Relating  this  to  a  48-inch 
main  would  produce  a  leakage  of  18,210  gallons  per  day  per  mile  under 
the  stated  pressure. 

A  line  of  10-inch  pipe  embraced  in  the  above  system  of  pipe,  3,487 
feet  long,  under  a  pressure  of  42  to  43  pounds  per  square  inch,  leaked 
at  the  rate  of  745  gallons  a  day,  or  1,128  gallons  per  day  per  mile, 
equivalent  to  5,414  gallons  per  day  per  mile  for  48-inch  pipe. 

The  leakage  of  the  Delaware  River  connections,  gate  chambers, 
and  pump  well,  on  Contract  No.  29,  Lardner's  Point  Pumping  Station 
No.  2,  upon  test  amounted  to  15.6  gallons  a  minute.  Reducing  this, 
based  upon  lengths  and  with  respect  to  the  very  considerable  difference 
in  pressures,  the  allowable  leakage  for  the  Torresdale  conduit  would 
be  336  gallons  a  minute.  The  structures,  however,  at  Lardner's  Point 
were  all  built  in  open  cut,  and  were  kept  dry  during  the  process  of 
building,  conditions  much  more  favorable  for  watertight  work  than 
were  those  found  in  the  construction  of  the  conduit. 


Proposed  Steel  Tube   Lining. 

It  has  been  suggested  that  the  conduit  might  have  been  lined  with 
a  steel  tube  instead  of  bricks  laid  in  cement  mortar.  In  such  caaes 
probably  the  steel  would  have  been  made  up  in  segments  with  circular 
and  radial  angle  iron  flanges  bolted  together  on  the  inside,  and  the 
two  finished  internally  ^^^th  a  ring  of  fine  concrete  or  mixture  of  cement 
and  sand,  say  4^  inches  radial  thickness. 

Such  construction  would  have  increased  the  cost  of  the  work  by 
quite  100  per  cent.,  and  the  annual  interest  charge  at  3^  per  cent,  on 
$1,274,000  would  have  been  $44,590,  or,  assuming  it  to  have  been 
possible  to  make  such  construction  absolutely  watertight,  about  seven 
times  the  annual  value  of  the  filtered  water  lost  by  leakage  of  the 
brick-lined  conduit. 


l't.JLTR  XXIX.  — iMKTinih  OK  C).<«si?ir*  t^Lriir^  SirjiPT   Xu,   1, 


Plate  XXX. — Method  op  Closing  Sump,  Shaft  No.  2. 
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Refuse  from  Contract  No.  29  Found  in  Shaft  No.  11. 

Notwithstanding  strict  orders  were  given  to  the  contractor  for 
Contract  No.  29,  Lardner's  Point  Pumping  Station  No.  2,  that  no 
waste  materials  from  his  operations  while  making  connection  between 
Shaft  No.  11  and  Valve  Chambers  Nos.  2  and  3,  should  be  allowed  to 
go  into  Shaft  No.  11,  upon  emptying  the  conduit  over  13  cubic  yards 
of  waste  material  from  this  contract  was  found  at  the  foot  of  the 
shaft,  measuring  about  two  feet  in  depth  over  the  center  of  the  invert, 
and  tapering  to  nothing  about  50  feet  northward  in  the  conduit. 
Unless  the  conduit  had  been  emptied,  no  one  would  ever  have  sus- 
pected the  presence  of  this  material,  which  consisted  of  sand,  cement, 
gravel,  and  similar  wastes.  The  effect  of  this  was  to  reduce  the  sec- 
tional area  of  the  conduit  quite  11.55  square  feet,  or  13  per  cent,  of 
its  least  sectional  area. 

Had  this  material  been  allowed  to  remain  in  the  conduit,  its  carrjdng 
capacity  would  have  been  seriously  reduced,  and  instead  of  charging 
it  to  the  true  cause,  viz.,  that  of  waste  material  going  into  it  through 
operations  under  another  contract,  it  would  probably  have  been 
charged  to  the  roughness  of  the  interior  or  to  the  insufficiency  of  the 
formulas  employed  for  the  flow  of  water  through  large  conduits. 

This  condition,  of  course,  was  a  revelation  when  the  first  inspection 
trip  was  made  through  the  conduit  after  it  was  pumped  out. 

A  hole  was  cut  in  Shaft  No.  11,  a  derrick  and  hand  winch  set  up, 
and  the  material  removed  by  means  of  a  dumping  bucket  by  hand 
labor,  and  the  conduit  left  in  a  perfectly  clean  condition. 

It  is  probable  if  there  had  been  no  question  as  to  the  proper 
completion  of  the  work  by  the  contractor  for  the  Torresdale  conduit 
(Contract  No.  14),  and  it  was  known  that  this  material  laj'  at  the 
bottom  of  Shaft  No.  11,  excepting  it  could  be  removed  by  the  aid 
of  a  diver,  or  by  some  method  of  pumping  out  the  material  under 
water,  it  would  have  been  profitable  to  have  pumped  out  the  con- 
duit solely  for  the  purpose  of  removing  the  refuse  which  came  into 
it  from  Contract  No.  29. 

Supposed  Disixtec.ratiox  of  Ceme.vt. 
During  the  past  summer,  while  the  conduit  was  being  pumped  out 
for  the  purpose  of  examination  and  correction  of  any  omissions  or 
defects  which  the  emptying  of  the  conduit  might  reveal,  it  was  sug- 
gested by  a  well-known  chemist  in  this  city  that  there  was  some 
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evidence  of  serious  disintegration  of  the  mortar  in  the  brickwork  and 
the  concrete.  After  the  conduit  was  emptied,  careful  examination 
was  repeatedly  made  from  end  to  end  by  myself  and  several  assistants 
detailed  for  the  purpose,  to  detect  any  evidence  of  disintegration  of 
the  mortar  in  the  joints  of  the  brickwork,  and  no  evidence  of  injury 
or  impairment  from  any  cause  was  discovered.  While  considerable 
lime  was  removed  with  the  water  from  the  conduit  during  the  process 
of  pimiping  out,  this,  after  the  first  few  weeks'  pumping,  steadily 
diminished  until  the  water  attained  about  the  alkalinity  or  lime  con- 
tent found  by  analyses  of  the  water  from  the  shafts  and  headings 
previous  to  the  placing  of  the  brick  lining  and  concrete  backing.  The 
total  amount  of  lime  removed  with  the  water  amounted  to  about  50,000 
poimds;  and  this  should  be  balanced  against  the  lime  in  35,000  barrels 
of  Portland  cement  used  in  the  construction  of  the  work.  The  cement, 
tmder  the  terms  of  the  contract,  weighed  about  380  pounds  to  the 
barrel,  of  which,  say,  62  per  cent,  by  weight  was  lime,  or  8,246,000 
pounds;  and  of  the  lime  from  all  known  sources,  not,  of  course,  in- 
cluding the  lime  found  by  test  in  the  rock  water  previous  to  Iming 
the  conduit,  about  0.60  per  cent,  may  have  come  from  the  mortar 
ii)  the  joints  of  the  brickwork  and  in  the  concrete. 

I  am  informed  by  manufacturers  of  cement  that  there  is  a  probable 
1  to  1.5  per  cent,  excess  of  lime  in  the  mixture — t.  e.,  the  amoimt  of 
lime  is  usuaUy  slightly  more  than  is  really  required  to  make  a  perfect 
cement.  The  influence  of  this  upon  either  the  strength  or  hardening 
properties  of  cement  is  not  noticeable,  and  if  it  be  assumed  that  there 
is  a  slight  excess  of  lime,  it  would  be  possible  to  lose  even  a  larger 
percentage  than  was  shown  by  the  estimate  of  lime  lost  in  pimiping 
out  the  conduit  without  impairing  the  quality  of  either  the  concrete 
or  the  mortar  in  the  brickwork. 

Under  the  conditions  of  service  it  is  not  thought  that  the  slight 
outward  leakage  of  filtered  Delaware  River  water  will  have  any  serious 
effect  on  the  lime  in  the  cement,  and  this  opinion  is  based  upon  long 
observation  of  the  influence  of  water  low  in  lime  content,  like  that  of 
Loch  Katrine,  on  the  cement  plastering  and  mortar  in  the  joints  of 
the  masonry  of  the  first  Glasgow  aqueduct. 

Analyses  of  Water  Flowing  into  the  Shafts  and  Headings. 

During  the  construction  of  the  work  samples  of  water  were  collected 

monthly  from  the  shafts  and  headings,  and  analyzed  for  mineral 
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content  and  bacteria.  The  rock  water,  as  would  naturally  be  sup- 
posed, excepting  for  the  considerable  amount  of  iron  it  carried,  was 
unobjectionable  from  a  sanitary  point  of  view.  The  bulk  of  the 
leakage  into  the  conduit  when  empty  occurred  north  of  Shaft  No.  4, 
or  within  the  first  3,500  feet  of  timnel  length,  at  which  point,  imder 
conditions  of  service,  the  pressure  of  water  in  the  conduit  will  be 
greater  than  the  pressure  of  water  in  the  ground  and  rock,  and  the 
leakage  will  be  of  filtered  water  into  the  rock  and  not  of  rock  water 
into  the  conduit.  The  leakage,  therefore,  does  not  represent  any 
possible  menace  to  the  quality  of  the  water  supplied  from  the  Torres- 
dale  filters,  but  does  represent  a  loss  of  filtered  water,  the  value  of 
which  has  been  previously  noted. 

Under  conditions  of  service,  with  the  conduit  delivering  300,000,000 
gallons  a  day  of  twenty-four  hours,  the  lowest  elevation  which  it  is 
expected  the  hydraulic  grade  line  will  take  in  Shaft  No.  11,  is  198.00 
T.  D.,  or  about  the  maximiun  elevation  heretofore  noted  of  ground 
water  along  the  line  of  the  work.  Of  course,  when  the  flow  is  less 
than  300,000,000  gallons  a  day,  the  hydraulic  grade  line  at  Shaft 
No.  11  will  be  correspondingly  higher,  and  it  would  be  only  at  such 
times  as  the  flow  is  increased  to  more  than  300,000,000  gallons  a  day, 
or  for  some  other  reason,  the  hydraulic  grade  line  might  be  lowered 
throughout  the  length  of  the  conduit,  that  the  elevation  of  the  water 
in  Shaft  No.  11  would  be  below  that  of  the  ground  water,  when  a 
small  amount  of  ground  water  may  find  its  way  into  the  conduit 
south  of  Shaft  No.  10.  Should  this  occur,  no  uneasiness  need  be  felt 
as  to  its  influence  on  the  very  large  volume  of  filtered  water  flowing 
through  the  conduit,  and  indeed  it  is  doubtful  if  careful  technical 
tests  would  show  any  change  in  the  character  of  the  water  at  Lardner's 
Point  by  reason  of  the  small  admixture  of  water  from  the  rock  sur- 
rounding the  conduit. 

In  closing  this  paper  I  take  pleasure  in  acknowledging  the  faithful 
and  indefatigable  labor  of  Mr.  T.  Nelson  Spencer,  first  assistant 
engineer  in  charge,  both  of  the  original  construction,  and  examinatioa 
and  repair  of  the  conduit;  and  to  the  work  of  Mr.  Louis  R.  Snow, 
official  photographer  of  the  Department  of  Public  Works,  who  took 
the  flash-light  photographs  in  the  tunnel  and  the  other  pictures,  and 
prepared  the  slides  which  have  been  so  useful  in  illustrating  con- 
stniction  features  of  the  Torresdale  Conduit. 
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DISCUSSION. 

Chaikman. — We  have  with  us  this  evening  a  number  of  visitors  from  sister 
cities  who  are  well  acquainted  with  waterworks.  Before  calling  on  our  visitors, 
I  would  like  to  call  on  Mr.  Ledoux,  if  he  is  present,  or  Mr.  Trautwine,  who  ac- 
companied Mr.  Hill  in  the  inspection  of  the  Torresdale  conduit. 

Mb.  Trautwinb. — I  had  the  pleasure  of  accepting  Mr.  Hill's  courtesy  in  mak- 
ing a  trip  with  him  through*  this  conduit  a  couple  of  months  ago.  The  conduit 
was  not  entirely  dry,  and  there  was,  in  places,  I  suppose  three  feet  of  water, 
which  extended  half  a  mile  or  so.  One  of  the  things  which  I  noticed  w.as  the 
fact  that  a  very  large  part  of  the  tunnel  was,  to  all  appearances,  absolutely  dry, 
whereas,  roughly  guessing,  about  one-third  of  the  timnel  exhibited  all  the  leak- 
age, which  was  coming  through  in  places  with  remarkable  freedom — jets  spray- 
ing out,  and  in  some  places  a  dozen  or  more  coming  down  from  the  roof  or  top, 
reminding  me  of  a  shower-bath.  I  neglected  then  to  ask  a  few  questions  which 
occurred  to  me  and  which  I  have  not  since  had  the  opportunity  to  ask  Mr.  Hill. 
One  is.  Why  was  that  difference  in  leakage  so  noticeable  at  that  particular  point 
in  the  timnel?  Another  question  was  about  the  wooden  plugs  which  were  being 
driven  into  the  openings  and  joints  of  the  brickwork,  and  the  object  of  driving 
them — no  doubt  to  stop  those  particular  leaks;  but  it  would  seem  that  wherever 
a  leak  was  stopped  the  water  which  could  not  find  efflux  there  would  find  its  way 
again  in  some  other  place.  In  the  very  admirable  description  of  the  work  which 
we  had  this  evening  one  point  arose  in  my  mind  in  connection  with  one  of  the 
views — ^that  where  the  finished  brickwork  was  shown  and  also  the  rock  bench  in 
the  tunnel  work  beyond  which  had  not  yet  been  removed — I  was  wondering  to 
what  extent  that  finished  brickwork  might  be  weakened  by  the  blasting  of  the 
bench.  I  do  not  want  to  sit  down  before  congratulating  not  only  Mr.  Hill  for 
his  excellent  paper,  but  also  the  large  meeting  of  the  Engineers'  Club  and  its 
visitors,  of  whom  I  recognize  many  gentlemen  from  a  distance.  I  do  not  think 
we  had  many  more  present  on  the  occasion  of  our  banquet,  and  a  banquet  is 
always  an  attractive  feature. 

Mb.  Hague  (Visitor). — I  have  listened  with  a  great  deal  of  interest,  as  I  am 
sure  you  all  have,  to  the  very  instructive  and  methodical  description  of  this  tun- 
nel which  Mr.  Hill  has  given  us  to-night.  I  am  familiar  with  this  work  only  from 
what  I  have  seen  of  it  casually,  and  from  what  I  have  read  in  the  engineering 
papers,  but  the  conclusion  seems  to  be  that  so  far  as  the  conduit  is  concerned, 
at  least,  it  has  approached  probably  as  nearly  as  it  is  possible  to  watertight 
steel  work.  Of  course,  we  all  know  that  work  of  this  kind  is  prosecuted 
under  more  or  less  difficulties — some  of  them  pretty  serious  and  some  of 
them  very  dangerous.  We  all  know  that  there  are  more  or  less  seepage  and 
leakage,  and  I  think  that  Mr.  Hill  has  siunmed  up  in  a  very  practical  way  the 
ultimate  result  to  be  considered,  and  that  is  the  cost  in  money  to  the  city  of 
Philadelphia  of  this  seepage  or  leakage,  which,  as  he  clearly  points  out,  a  great 
many  outside  engineers  may  not  think  of.  The  leakage  in  operation  will,  of 
course,  be  the  filtered  water  going  out,  for  the  simple  reason  that  the  inside  head 
will  be  greater,  and  that  should  remove  from  the  mind  of  everybody  in  Phila- 
delphia all  alarm  or  thought  of  contamination  of  the  water  from  any  leakage 
that  may  take  place  in  the  tunnel.     I  had  hoped,  by  the  courtesy  of  Mr.  Hill 
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to  take  a  trip  through  the  tunnel,  but  I  did  not  get  there  in  time,  so  missed  it. 
But  from  what  I  have  seen  I  have  a  good  and  a  clear  idea  of  what  has  been  ac- 
complished, and  I  think  we  all  feel  thankful  to  Mr.  Hill  for  his  dear  description 
of  tiiis  work. 

Mr.  Allkn  (Visitor). — This  paper  is  full  of  interesting  points.  Among  othen 
is  the  collection  Mr.  Hill  has  made  of  data  of  seepage  Uirough  di£Ferent  kinds  of 
conduits,  and  especially  brick  conduits  of  this  kind.  Data  of  this  kind  are 
difficult  to  obtain,  and  not  often  available,  and  for  that  reason  I  think  partie- 
ularly  valuable.  We  all  know  how  difficult  it  is  to  make  a  watertight  sewer; 
the  brickwork  almost  invariably  leaks  a  large  amount  of  water.  In  Atlantic 
City  there  are  three  lines  of  pipe  crossing  the  meadows.  Most  of  you  are  familiar 
with  the  location  of  the  meadows  there.  These  pipes  are  about  five  miles  in 
length,  and  consist  of  one  12-inch  and  one  20-indi  oast-iron  lines,  and  a  line  of 
304nch  riveted  steel  pipe.  The  two  cast-iron  lines  are  getting  pretty  old ;  they 
are  inspected  daily,  and  there  are  several  hundred  leaks  stopped  a  year.  Records 
are  kept  of  them.  It  may  be  interesting  to  mention  that  a  short  time  ago  we 
estimated  the  leakage  through  them,  and  this  is  the  way  we  did  it:  The  pipes 
are  all  controlled  by  valves,  so  that  we  can  shut  off  any  valve  and  pump  up  the 
water  through  that  particular  pipe.  We  had  a  small  pimip  at  the  pumpbig- 
station — a  single-acting  pump  which  we  worked  at  such  a  rate,  with  all  the  vaJtwm 
closed,  that  the  action  of  the  pump  simply  represented  the  sHp.  That  was  with  th« 
valve  closed  at  the  station;  then,  opening  the  valves  at  different  pmnts  on  Um 
line,  we  could  get  the  leakage  in  that  particular  section  of  line  by  the  additional 
dim>lacement  of  the  plunger,  the  displacement  representing  the  leakage  or  slip. 
In  that  way  we  found  the  amount  of  leakage  by  testing  each  of  the  three  Hum. 
I  am  sorry  that  I  cannot  give  you  the  exact  amount,  bat  it  was  quite  consider- 
able in  the  two  cast-iron  lines,  lunounting  to  several  hundred  thousands  of  gal- 
lons a  day.  What  that  would  be  in  the  terms  of  lineal  feet  or  joints  I  have  n«i 
computed.  The  steel  line  was  nearly  tight.  There  was  a  very  dight  leakage 
shown,  but  so  far  as  we  can  tell  it  was  practically  a  tig^t  line.  Mr.  Hill  rsferred 
to  the  wooden  stave  pipe  built  about  a  year  or  two  ago  there.  Hie  piewme 
used  in  that  test  was  a  low  pressure,-— only  ten  feet  of  head  (three  or  four  povnds) , 
— but  even  that  is  greater  than  the  service  pressure.  It  is  merely  a  conduit  for 
carrying  water  without  pressure,  except  that  of  a  couple  of  feet  or  so.  I  think 
that  we  are  all  very  much  indebted  to  Mr.  Hill  for  the  very  interesting  paper, 
and  as  for  myself,  I  am  very  glad  to  hear  this  data  on  the  leakage  of  pipe,  beeaim 
it  is  something  that  has  interested  me  in  the  last  few  years. 

IMr.  Quick  (Visitor). — I  consider  myself  under  obligations  to  the  members  of 
this  Club  and  to  Mr.  Hill  for  the  privilege  of  being  here  to-nig^t  and  listening  to 
this  extremely  interesting  description  of  the  Torresdale  conduit.  It  is  a  revela- 
tion to  me,  and  I  suppose  it  must  be  to  a  great  many  other  people,  to  hear  of 
such  remarkable  and  extensive  engineering  work  going  on  in  Philadelphia.  I 
do  not  think  it  has  been  published  abroad  to  the  extent  that  it  ought  to  be,  con- 
sidering the  very  interesting  natiu^  of  it.  But,  as  bearing  upon  the  point  which 
Mr.  Hill  talked  about  to-night,  particularly  in  relation  to  leakage  of  the  conduit, 
it  might  be  interesting  to  him  or  to  the  members  of  this  Club  for  me  to  cite  an 
instance  which  he  did  not  cite  in  making  comparisons  with  other  conduits.  We 
have  in  Baltimore — our  main  source  of  water-supply  coming  from  the  Gunpowder 
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River— a  tunnel  seven  miles  long,  and,  I  should  judge,  built  imder  very  similar 
conditions  to  this  Torreedale  conduit — about  the  same  dimensions,  built  very 
largely,  I  should  say,  about  the  same  average  depth  below  the  surface  of  the 
ground,  and  about  the  same  average  head  of  water  on  the  outside  and  about  the 
same  head  on  the  inside,  and  built  in  a  very  similar  manner  as  to  the  nature  of 
the  masonry — about  three-fourths  of  it  through  solid  rock.  Of  course,  this  was 
all  built  before  I  was  connected  with  the  department,  but  the  records  are  all 
available.  I  do  not  know  how  carefully  they  were  taken  at  the  time,  but  some 
estimate  or  measurement  was  made  as  to  the  amount  of  leakage  into  that  tun- 
nel before  it  was  completed.  The  cross-sections,  as  shown  here  on  the  screen, 
might  very  well  represent  the  Gunpowder  conduit  of  the  Baltimore  water  system, 
and  the  leakage  as  measured  flowing  into  the  conduit  when  empty  (not  in  ser- 
vice) was  about  3,000,000  gallons  a  day,  and,  I  should  judge, — I  do  not  know 
what  method  Blr.  Hill  uses  in  making  these  comparisons  with  other  conduits, 
but  I  should  imagine  that  equalizing  the  difference  in  the  length  of  the  conduits 
and  the  slight  difference  in  the  interior  diameter, — ^the  exterior  head  being  about 
^e  same  depth  below  the  ground,  the  leakage  into  the  Baltimore  conduit  was 
just  about  the  same  as  that  in  the  Torresdale,  perhaps  a  little  more — that  is,  so 
far  as  I  know,  and  so  far  as  any  records  show^ — and,  so  far  as  subsequent  expe- 
rience has  shown,  it  has  given  no  trouble  in  any  way  whatever. 

Mb.  Baker  (Visitor). — I  have  been  very  much  pleased  with  and  interested 
in  the  paper  that  has  been  presented  here  this  evening.  I  am  sure  that  the  Club 
and  Mr.  Hill  are  to  be  congratulated  upon  having  so  excellent  a  description  of 
this  noble  piece  of  engineering  work,  and  particularly  of  the  study  of  the  leaks 
in  the  conduit,  which  have  been  put  on  record.  I  think  it  would  be  unbecoming 
for  me  to  attempt  to  enter  into  any  extended  discussion  of  the  paper.  I  am 
sure,  however,  that  the  various  figures  which  hav&  been  presented  relating  to 
the  leaks  in  the  conduit  itself  and  the  description  of  the  method  employed  to 
stop  the  leaks,  and  the  comparisons  with  leakage  in  other  conduits,  are  all  very 
valuable,  and  should,  I  think,  convince  any  critic  that  Mr.  Hill  knows  a  great 
deal  more  about  the  subject  of  this  leakage  than  his  self-constituted  critics  of 
some  months  ago.  As  to  the  criticism  itself,  I  will  not  venture  to  speak  further 
than  to  say  that  it  has  appeared  to  me,  as  it  doubtless  has  to  others,  that  some 
of  it  was  pretty  severe,  as  coming  from  the  City  of  Brotherly  Love. 

Mr.  Quick. — Was  there  more  leakage  under  the  Pennypack  Creek  than  at 
other  points? 

Mr.  Hill. — About  40  per  cent,  of  the  leakage  is  between  shaft  No.  1  and 
shaft  No.  3.  (Shaft  No.  1  is  north  and  shaft  No.  2  south  of  Pennypack  Creek, 
and  the  principal  leakage  is  between  these  shafts,  but  the  water  from  the  con- 
duit is  suflBciently  unlike  the  creek  and  river  water  to  suggest  that  it  is  coming 
from  another  source.)  I  neglected  to  state  that  there  were  a  number  of  spots 
found — and  Mr.  Trautwine  noticed  some  of  them — where  there  was  a  very  large 
leakage  through  the  roof.  In  all  such  places  we  drilled  through  the  brick  arch, 
inserted  a  two-inch  wrought-iron  pipe,  and  pumped  over  the  arch  grout  under 
a  pressure  of  from  90  to  100  pounds  per  square  inch,  and,  as  a  rule,  the  pump- 
ing of  grout  completely  stopped  the  leakage  in  those  overhead  spots. 

At  places  where  there  was  no  object  in  pumping  through  the  weeper  pipes 
they  were  closed  very  much  after  the  manner  of  a  bimghole  in  a  beer  barrel.     V 
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is  probable,  too,  that  some  of  the  large  weepers  that  were  found  open  in  the 
neighborhood  of  shaft  No.  2  were  open  by  reason  of  the  plugs  not  having  been 
properly  driven.  We  found  in  the  debris  in  the  bottom  of  the  conduit  some  loose 
plugs,  but  could  not  ascertain  positively  whether  or  not  they  had  ever  been  driven 
into  the  weeper  pipes.  Where  the  leakage  was  large  the  joints  in  the  brickwork 
were  closed  with  white  pine  wedges;  the  joints  were  opened  with  a  narrow 
chisel,  and  the  space  then  filled  with  the  plugs,  which  were  either  driven  in 
flush  with  the  face  of  the  brickwork  or  had  the  excess  trimmed  off  flush. 

Mr.  Trautwine. — About  the  matter  of  finished  brickwork  being  damaged 
by  blasting  close  to  a  finished  section,  as  shown  by  the  views. 

Mr.  Hill. — The  actual  distance  between  the  brick  lining  and  the  bench  shown 
in  the  picture  is  probably  40  feet.  Before  the  blasting  operations  were  conducted 
at  that  point  a  timber  bulkhead  was  put  up  near  the  finished  lining,  so  that  the 
flying  rock  would  not  damage  the  work. 

Mr.  Trautwine. — Is  it  not  very  probable  that  there  was  a  transmission  of 
shock  through  the  walls  of  the  tunnel? 

Mr.  Hill. — There  was  no  evidence  of  it.  I  am  quite  sure  that  no  damage 
was  done  to  the  finished  lining  by  subsequent  blasting  operations. 

Mr,  Edwin  F.  Smith. — Mr.  Hill  has  given  us  a  most  interesting  paper — full 
of  interest,  I  think,  not  only  to  members  of  the  Engineers'  Club  of  Philadelphia, 
but,  I  may  say,  I  am  sure  to  the  large  number  of  visitors  who  have  honored  the 
Club  with  their  presence.  The  hour  is  growing  late,  and  I  shall  not  detain  3rou. 
But  there  is  one  point  upon  which  I  should  like  to  say  a  few  words,  and  that  is 
bearing  upon  the  statement  made  by  Mr.  Hill  that  it  is  exceedingly  difficult  to 
construct  such  conduits  so  as  to  make  them  entirely  watertight.  I  have  been 
engaged  in  the  construction  of  hydraulic  works  at  intervals  for  forty  years,  and 
I  know  how  difficult  it  is  to  carry  any  such  work  to  completion  without  accident 
or  fault  of  any  kind  whatever.  We  have  to  depend  upon  our  workmen;  we 
miist  depend  upon  foremen;  we  must  depend  upon  supervision  in  one  way  or 
another,  and  sometimes  things  occur  that  we  do  not  look  for.  Even  when  there 
is  no  accident  whatever  to  the  work  in  any  part  of  its  construction  it  is  an  im- 
possibility to  construct  any  such  work  as  the  Torresdale  conduit  and  make  it 
perfectly  watertight.  From  the  discussions  which  we  have  seen  in  public  prints 
the  people  of  Philadelphia  would  most  certainly  be  led  to  believe  that  such  works 
over  all  the  world,  wherever  they  may  have  been  constructed,  are  perfectly  water- 
tight, and  that  the  city  of  Philadelphia  should  expect  that  the  Torresdale  con- 
duit should  be  perfectly  watertight.  Now,  that  is  an  impossibility.  As  to  lin- 
ing conduits  of  this  construction,  it  would  be  simply  a  waste  of  money  for  the 
city  of  Philadelphia  to  put  into  such  a  conduit  a  cast-iron  lining  or  steel  lining. 
It  is  not  necessary;  it  is  not  called  for.  It  is  not  done  where  works  are  under- 
taken to  be  constructed  in  an  economical  way.  It  is  not  done  in  crossing  under 
the  Harlem  River.  It  has  not  been  done  except  in  rare  instances.  It  will,  I 
believe,  be  done  in  the  tunnel  imder  the  East  River,  which,  however,  is  intended 
for  an  entirely  different  purpose,  namely,  carrying  passenger  trains,  where  the 
railroad  company  will  go  to  a  great  expense  to  keep  the  tunnel  dry.  But  it  is 
not  necessary  in  a  conduit  for  the  conveyance  of  water.  It  b  only  economical 
up  to  the  point  where  sufficient  money  could  be  saved  in  prevention  of  seepage 
of  water  to  cover  the  cost  of  interest  on  the  investment,  perhaps.     But  in  the 
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case  oi  the  Torresdale  ccmduit,  it  would  be  an  unnecessary  thing  to  do  and  a 
waste  of  money.  Now,  I  have  often  said  to  my  friends  that  when  this  plant 
was  completed  it  would  be  one  of  the  finest  pieces  oi  work  in  the  world,  and  I 
do  not  see  any  reascui  for  changing  my  mind  up  to  the  present  time.  It  is  a 
great  woric, — ^a  peculiar  and  difficult  task, — ^the  filtration  of  so  vast  a  quantity 
of  water,  and  the  work  has  been  splendidly  done.  We  have  before  us  the  ex- 
hibit of  the  Roxborough  filtraticm  plant  and  the  partially  completed  Torresdale 
plant,  and  this  Torresdale  conduit,  and  I  do  not  hesitate  to  say,  before  the  en- 
gineers of  the  Club,  with  my  knowledge  of  hydrauUc  work,  that  they  are  all  well 
built,  and  will  serve  their  purpose  for  generations.  I  think  that  we  are  under 
obligations  to  Mr.  Hill  for  maJdng  this  work  so  clear  to  us;  we  understand  its 
technicalities,  and  we  appreciate  Mr.  Hill's  kindness  in  coming  before  us  with 
this  paper.  I,  therefore,  Blr.  President,  move  that  the  thanks  of  the  Engineers' 
Club  of  Philadelphia  be  voted  to  Mr.  Hill  for  his  most  interesting  paper  on  this 
great  work,  the  Torresdale  conduit.  (Applause.) 
(Carried.) 

COBIMUNICATED  DISCUSSION. 

Mb.  Alfred  M.  Quick. — The  conduit  to  which  I  referred  is  the  conduit  which 
carries  water  from  Loch  Raven,  the  impounding  reservoir  on  the  Gunpowder 
River,  our  chief  source  of  supply,  to  Lake  Montebello  and  Lake  Clifton,  the  dis- 
tributing reservoirs  in  the  city.  It  is  seven  miles  long,  and  has  a  fall  of  one  foot 
to  the  mile,  and  its  capacity  under  a  normal  seven-foot  head  is  170,000,000  gal- 
lons of  water  a  vday. 

The  brickwork  of  this  conduit  is  laid  in  cement,  in  normal  cross-section  of 
two  rings  in  invert  and  three  in  the  arch,  and  where  the  groimd  was  bad  one  or 
two  additional  rings  were  put  in.  The  tunnel  is  laid  under  the  surface  from  30 
to  354  feet  deep.  The  estimated  leakage  of  the  tunnel  is  3,000,000  gallons  a 
day;  this  being  on  the  basis  of  a  gaging  made  shortly  after  the  tunnel  was  built. 

Mr.  Kenneth  Allen. — ^The  water-supply  for  Atlantic  City  is  pumped  across 
the  ''meadows''  from  Absecon  through  three  mains:  a  12-inch  cast-iron  pipe 
laid  in  1882,  a  20-inch  cast-iron  pipe  laid  in  1886,  and  a  30-inch  steel  main  laid  in 
1901.  The  distance  from  the  pumping  station  to  the  submerged  crossing  of 
Beach  Thoroughfare,  near  the  city,  is  25,200  feet.  Cross  connections  with  valves 
between  the  three  mains  are  placed  at  intervals  of  about  a  mile.  Near  the  pump- 
ing station  b  a  30-inch  Venturi  meter  through  which  the  entire  supply  flows. 

These  mains,  being  on  the  soft  meadow  mud  and  the  older  ones  having  de- 
teriorated by  the  vegetable  acids  and  the  salt  water  saturating  the  soil,  are  laid 
just  below  the  surface  and  are  inspected  daily,  except  Saturdays  and  holidays, 
by  a  man  who  repairs  such  leaks  as  are  discovered.  During  the  year  ending 
September  1,  254  leaks  were  stopped  on  the  12-inch  main,  171  on  the  20-inch 
main,  and  17  on  the  30-inch  main.  Of  the  latter,  15  were  at  slip  joints  and  2 
at  rivets. 

The  total  leakage  on  the  two  cast-iron  mains  is  naturally  considerable,  and 
we  have  attempted  to  discover  the  approximate  amoimt  of  this  in  the  following 
way: 

Cutting  off  the  force  mains  by  a  valve  on  the  discharge  a  1,000,000  gallon 
non-condensing  Worthington  pump  was  run  with  throttled  steam,  so  that  the 
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normal  pressure  of  about  50  pounds  per  square  inch  was  maintained,  when  the 
calculated  displacement  was  assumed  to  equal  the  slip  diuing  ordinary  opera- 
tion. 

The  three  mains  were  then  opened  up  in  succession  as  far  as  a  valve  near 
Beach  Thoroughfare,  4.75  miles  from  the  station,  and  the  pump  operated  at 
such  speed  that  the  same  pressure  was  maintained  as  before.  The  difiference 
in  the  displacement  observed,  less  the  slip  as  previously  found,  was  assumed  to 
represent  the  leakage  in  each  main.    This,  in  gallons  per  day,  was  found  to  be: 

For  the  12-mch  main,  491,000  gallons,  or  103,300  gallons  per  mile. 
"      "    20   "  "      386,000        "         "     81,300       "         " 

Henry  H.  Quimbt. — Referring  to  the  rate  of  leakage  under  different  pre«- 
siu'es,  it  may  be  that  the  rule  of  variation  as  the  square  root  of  the  pressure, 
which  is  used  in  the  paper  as  the  basis  for  computation  of  the  probable  leakage 
of  the  conduit  in  service,  fairly  applies  to  orifices  not  too  minute  to  permit  a 
liquid  to  pass  through  at  some  speed,  however  slow,  at  any  pressure,  however  sli^t, 
but  it  cannot  be  applied  to  leakage  due  to  mere  porosity  of  materiak,  because 
pores  may  be  developed  under  high  pressure  where  the  material  is  absolutely 
impervious  at  lower  pressiu^.  The  writer  has  made  many  tests  of  iron,  brass,  and 
aluminimi  for  porosity,  and  found  that  where  porosity  existed  in  metal  witho>ut 
visible  flaws  and  perfectly  sound  in  appearance  of  texture,  it  developed  only 
imder  some  considerable  pressure.  Metal  that  would  hold  for  days  a  constant 
pressure,  as  shown  by  a  sensitive  mercury  gage,  might,  upon  increasing  the  pres- 
sure, show  leakage  at  some  point  or  points,  and  at  additional  points  upon  still 
further  increasing  the  pressure.  Instances  occurred  where  very  much  greater 
pressure  (always  internal)  actually  reduced  the  quantity  of  leakage  or  even 
stopped  it  altogether,  periiaps  indicating  that  the  natural  law  governing  such 
phenomena  operates  with  nodal  points  of  reversal  resembling  the  vibrations  of 
a  rod  or  the  changes  of  volume  of  water  from  temperature.  Water  was  used 
in  testing  brass  and  aluminum,  and  either  water  or  mercury  for  iron.  Obeer* 
vation  without  measiu^ment  of  quantities  led  to  the  conclusion  that  the  leak- 
age from  porosity  increased  much  faster  than  directly  as  the  pressure,  though 
evidently  not  so  fast  as  the  square  of  the  pressure.  The  opening  of  additional 
pores  imder  increased  internal  pressure  may  be  due  to  an  infinitesimal  yielding 
of  the  material  stressed  in  tension,  but  in  the  case  of  the  conduit,  the  fact  that 
the  concrete  backing  has  not  had  and  never  will  have  an  opportunity  to  dry  out, 
but  will  be  perpetually  sat\irated,  will  probably  prevent  any  shrinkage  and  in- 
sure so  firm  a  pressing  against  the  rock  that  the  element  of  distention  will  not 
become  a  factor. 

What  percentage  of  the  infiltration  observed  in  the  conduit  is  chargeable  to 
a  quality  of  porosity,  and  therefore  likely  to  diminish  directly  as  or  faster  than 
the  pressure,  or  stop  altogether,  is  hardly  guessable,  but  is  probably  considerable, 
and  the  logical  conclusion  is,  therefore,  that  the  outward  leakage  under  the 
slight  service  head  will  be  less  than  the  paper  assumes,  even  if  there  should  be 
no  clogging  of  the  pores  by  matter  that  may  possibly  be  carried  into  them  by 
even  filtered  water. 
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Mr.  Hill. — Reducing  the  Baltimore  tunnel  data  to  the  Torresdale  conduit 
basis,  we  have  the  following  results  as  leakage  per  day  of  twenty-four  hours: 

3,000,000  X  2.65  X   10.58       ,  ^,  ^„       ,, 
-- — — ^-"  ^2 =  1,001,309  gallons. 

While  the  leakage,  under  similar  conditions,  of  the  Torresdale  conduit,  by 
the  latest  gagings,  December,  1904,  was: 

838  X   1440  =  1,206,720  gallons. 

Mr.  Hill. — Reducing  the  Atlantic  City  leakages  to  losses  for  48-inch  pipe  per 
day  per  mile,  they  become: 

Based  on  leakage  of  12-inch  main,  413,200  gallons. 
it       II        ,i        u   20   "  "       195,120        " 

"       "        "        "   30    "  "         18,560 

It  win  be  remembered  that  the  limit  of  leakage  for  48-inch  pipe  tested  after 
Ia3ring,  under  50  pounds'  pressiire,  under  the  rules  of  the  Bureau  of  Filtration, 
is  10,000  gallons  per  day  per  mile. 

The  practical  result  of  Mr.  Quimby's  theory  of  seepage,  or  leakage,  is  shown 
in  tests  for  watertightness  of  lines  of  cast-iron  lead-jointed  pipes;  at  low  pres- 
sures no  leakage  is  sometimes  observed,  while  at  test  pressure  the  leakage  be- 
comes a  measurable  quantity.  Also  in  testing  stop  valves  for  watertightness; 
these  are  frequently  tight  at  125  to  150  pounds'  pressure  per  square  inch,  and 
leak  at  a  measurable  rate  when  subjected  to  higher  pressiues.  Of  course, 
leakage  based  on  the  square  roots  of  heads  will  not  apply  in  such  examples, 
and  the  same  condition  is  probably  true  of  the  conduit  under  low  differences 
of  internal  and  external  pressures. 


\ 
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DESIGN  AND  OPERATION  OF  A  MODERN  FREIGHT  YARD. 

JOSEPH  T.   RICHARDS. 
Bead  February  18,  1905. 

The  increasing  population,  agriculture,  manufactures,  commerce, 
and  wealth  of  the  United  States  naturally  cause  a  rapid  increase  in  the 
traffic  thrown  upon  the  railroads  for  transportation;  particularly  is 
this  so  from  the  growing  west  to  the  east,  and  burdens  the  railroads 
to  such  an  extent  that  it  seems  almost  impracticable  to  construct 
railroad  tracks,  yards,  and  terminal  facilities  fast  enough  to  keep  pace 
with  the  increased  business.  It  is  evident  that  all  the  trunk  lines  east 
of  the  Mississippi  are  behind  in  their  tracks,  terminals,  and  equipment 
to  move  and  distribute  the  tonnage  of  freight  offered  them. 

The  Inter-State  Commerce  Commissioners'  report  for  the  fiscal  year 
ending  June  30, 1903,  which  is  the  latest  report  which  has  been  issued, 
shows  an  increase  of  104,078,536  tons  of  freight  carried  over  the 
previous  year.  The  total  tons  of  freight  carried  were  1,304,394,323, 
the  increase  in  one  year  being  8.7  per  cent,  of  the  total.  The  aggregate 
number  of  freight  locomotives  in  service  was  25,444,  an  increase  of 
1850  over  the  previous  year,  being  7.8  per  cent,  of  the  total.  Freight 
cars  in  service,  1,653,782,  an  increase  of  107,681  during  the  year,  being 
6.9  per  cent,  of  the  total.  Total  mileage  of  railroads  in  the  United 
States  was  207,977.22,  an  increase  of  5,505.37  miles  for  the  year,  or 
2.7  per  cent,  of  the  total. 

From  this  is  shown  the  increase  of  miles  of  road  (2.7  per  cent.), 
which  is  given  for  both  freight  and  passenger  service,  is  low  in  increase 
as  compared  with  increased  tonnage  of  trade  pressing  into  the  channels 
of  transportation  (8.7  per  cent.) — ^about  3  to  1. 

The  cars  and  locomotives  are  also  low,  but  not  so  seriously  behind 
as  is  shown  in  the  lack  of  trackage.  As  to  the  matter  of  terminals  and 
yard  facilities,  I  have  no  data  to  be  taken  from  the  reports  of  the  Inter- 
State  Commerce  Commission,  but  they  bear  quite  as  important  a  part 
as  any  of  the  other  factors  in  clearing  the  channels  and  adding  to  the 
ability  of  railroads  to  move  freight  from  end  to  end  of  the  roads. 
Through  yards  are  the  working  facilities  en  rcmte,  and  the  terminal 
yards  are  the  working  facilities  at  the  end — particularly  are  the  ter- 
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minals  at  large  cities  and  when  the  road  ends  at  the  Atlantic  seaboard. 
More  especially  is  the  New  York  harbor  the  greatest  of  all  to  be  con- 
sidered, for  the  reason  that,  like  Rome,  none  of  the  roads  run  through. 

For  the  terminal  in  New  York  harbor  you  can  very  well  imagine 
the  immense  tonnage  of  freight  accumulated  by  the  trunk  lines  in  all 
the  district  east  of  the  Mississippi,  as  you  see  the  busy  freight  trains 
moving  east  and  coming  to  a  sudden  stop  at  the  waters  of  New  York 
Bay — the  task  the  railroad  men  have  of  distributing  and  unloading 
cars,  some  to  the  piers  of  New  York,  others  to  steamships  for  export 
to  foreign  ports,  and  others  to  be  transferred  by  water,  to  be  forwarded 
to  New  England.  All  these  cars  are  to  be  classified  and  returned  to 
the  west,  and  so  the  business  continues,  increasing  about  10  per  cent, 
a  year,  and  keeping  the  railroad  companies  hard  up  to  the  task  of 
providing  a  terminal  to  prevent  a  congestion  of  their  share  of  the  trade 
at  this  most  important  harbor. 

For  an  inland  terminal  I  will  give  you  a  short  statement  of  freight 
increase  in  the  city  of  Washington.  In  eight  years  the  freight  business 
handled  by  P.  B.  &  W.  R.  R.  has  increased  110  per  cent.  The  business 
taken  care  of  by  the  P.  B.  &  W.  R.  R.  coming  into  Washington  from 
southern  lines  shows  that  C.  &  O.  freight  has  increased  in  eight  years 
350  per  cent.,  and  from  the  Southern  Railway  and  Atlantic  Coast  Line 
in  eight  years  the  increase  has  been  650  per  cent. 

It  has  not  been  possible  for  our  railroad  facilities  at  this  place  to 
keep  pace  with  this  increased  business,  and  you  can  well  understand 
how  serious  the  matter  of  freight  and  passenger  congestion  must  have 
been  in  this  city  when  the  P.  R.  R.  and  the  B.  &  O.  have  arranged  to 
spend  not  less  than  $7,000,000  to  rearrange  tracks  and  terminals  and 
put  themselves  in  position  to  meet  the  situation.  This  is  only  one  of 
a  number  of  instances  that  might  be  mentioned  to  show  the  increased 
tonnage  thrown  onto  the  railroads  by  the  growth  of  the  country. 

I  will  now  consider  a  plan  for  a  general  yard  design  and  the  method 
of  operating  it.  The  proper  function  of  this  yard  is  to  pass  cars 
en  route  through  within  the  least  possible  time.  In  conamon  practice 
yards  have  their  names:  A.  The  receiving  yard.  B.  The  classification 
yard.  C.  The  departure  yard.  D.The  gravity  yarfl— long  v.oniif 
grade.  E.  The  poling  yard — but  little  if  any  grade.  F.  TbB" 
yard  (hump)  and  others  of  minor  importance.  ^ 

It  may  be  well  to  state  that  the  ideal  railroad  is  said  to  y 
has  no  yards;  that  is,  a  train  can  start  at  one  ernl  atid  r 
to  the  other  without  classification.    This  can  be  ci^rried  \ 
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deal  of  traffic  for  a  railroad,  say  100  mil^  long,  but  where  the  length 
multiplies  and  the  line  becomes  as  long  as  trunk  lines  in  the  United 
States  (we  may  say  from  the  east  to  Chicago),  it  is  necessary  to  change 
engines  and  make  classification  of  cars.  Therefore  the  yards  come  in 
as  a  necessary  evil.  It  is  a  question,  then,  how  to  arrange  these  y^trds 
to  make  the  least  possible  delay,  as  time  in  transit  is  the  most  impor- 
tant element  that  railroad  transportation  and  traffic  managers  have 
to  consider. 

We  will  trace  the  progress  of  a  freight  train  coming  into  and  through 
the  several  parts  of  this  general  freight  yard.  The  train  arrives  from 
the  road,  and,  in  passing  into  the  receiving  yard,  the  cabin  in  the  rear 
is  cut  off,  on  the  lead  track,  at  the  switch,  leading  to  the  cabin  yard; 
the  road  engine  continues  with  the  train  into  the  receiving  yard,  and, 
upon  arrival  there,  cuts  loose  and  goes  directly  to  the  engine  yard; 
the  cabin,  in  the  meanwhile,  having  drifted  into  the  cabin  yard  into  a 
position  ready  to  go  out  on  the  road  in  the  opposite  direction  in  its 
proper  turn,  the  cabin  tracks  being  graded  to  accomplish  this  move- 
ment. As  soon  as  possible  after  arrival  in  receiving  yard  the  train 
is  inspected,  the  destination  in  the  classification  yard  of  the  various 
cars  is  marked  upon  them,  as  well  as  the  needed  repairs  to  crippled 
cars  which  are  to  be  thrown  off  into  a  separate  track,  known  as  a 
cripple  track,  and  finally  taken  to  the  car  repair  yard.  When  the 
train  is  ready  for.  classification,  a  pusher  engine  gets  behind  it  and 
gradually  pushes  it  over  the  *'hump,"  the  speed  being  about  six  miles 
an  hour.  As  the  cars  pass  over  the  ''hump,"  a  man  stationed  there, 
and  known  as  the  ''cutter,"  separates  them  into  "cuts,"  of  from  one 
to  ten  cars. 

In  marking  the  cars  for  classifications  each  "cut"  of  a  draft  or 
train  is  marked  with  its  destination  at  the  front  end  and  the  destina- 
tion of  the  next  succeeding  "cut"  at  the  rear  end.  This  is  for  the 
benefit  of  the  man  in  the  tower  operating  the  switches,  so  that  he 
will  have  sufficient  time  to  set  the  switches  for  each  "  cut "  as  it  comes 
along.  He  is  also  furnished  with  a  check  list  of  each  draft  or  train 
showing  the  "cuts"  to  be  made,  and  the  number  of  cars  in  each  "cut." 

The  towerman  in  a  two-story  tower  adjacent  to  the  "hump,"  from 
which  he  can  see  the  entire  layout,  operates  the  switches  electrically 
by  means  of  a  push  button  machine,  so  that  the  cars  will  pass  to  the 
proper  classification  tracks.  The  speed  at  which  the  train  is  pushed 
over  the  "hump"  is  such  that  the  cars,  in  running  away  from  the 
"hump,"  usually  are  separated  a  sufficient  distance  from  each  other, 
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that  they  will  not  foul  one  another  when  passuig  over  the  ladders, 
but  in  the  event  of  too  many  '*cuts"  following  the  same  ladder  and 
thus  getting  too  close,  the  tower  is  equipped  with  an  air-whistle  or 
other  signal  imder  control  of  the  towerman,  by  which  he  can  regulate 
the  speed  movement  of  the  pushing  train.  When  a  suflScient  number 
of  cars  have  accumulated  in  the  classification  yard  (say,  a  train  length) 
for  any  particular  destination,  or  should  the  tracks  of  this  yard  become 
full,  the  cars  are  pushed  out  into  the  advance  tracks  or  starting  yard, 
where  they  are  coupled  up  into  trains  and  the  air  tests  made.  A  road 
engine  which  has  moved  from  the  engine  storage  tracks  couples  up 
to  th^  cars  as  tkey  stand  on  the  advance  tracks,  and  pulls  the  train  out 
on  the  main  track,  and  in  passing  by  the  cabin  yard  a  cabin  is  dropped 
out  by  gravity  and  coupled  up  to  the  rear  of  the  train.  The  above 
process  applies  to  trains  in  both  directions  through  the  yard.  The 
cars  pass  over  the  "hiunp"  at  the  rate  of  about  eight  a  minute  under 
ordinary  conditions.  To  pass  a  freight  train  of,  say,  80  cars  through 
a  yard  as  above  stated,  from  the  time  of  entering  the  receiving  yard 
to  leaving  the  departing  yard,  should  not  require  more  than  two  or 
three  hours. 

We  will  now  follow  the  incoming  road  engine  after  it  leaves  the  train 
in  the  receiving  yard.  It  first  passes  to  the  inspection  pit,  where  a 
thoroi^h  inspection  is  given  it,  and,  if  repairs  are  necessary,  a  message 

is  sent  to  the  round-house  that  engine  No will  be  placed  in  the 

roimd-house  for  certain  repairs.    This  gives  the  round-house  foreman 
an  opportunity  to  have  a  stall  ready  to  receive  this  engine.    The 
inspection  requires  about  five  minutes.    From  the  inspection  pit  the 
engine  passes  on  to  the  ash  pit,  where  the  fires  and  the  front  end  are 
cleaned,  requiring,  on  the  average,  thirty  minutes.    The  engine  then 
passes  alongside  the  coal  wharf,  where  it  receives  its  coal,  taking  up 
about  one  and  one-half  minutes;  sand  is  then  taken  on  at  the  far  end 
of  the  coal  wharf,  and  water  at  this  same  point.    It  takes  from  1  to  2 
minutes  to  fill  the  tank  with  water  with  the  proper  size  standpipe. 
The  engine  then  passes  to  the  turntable,  and,  if  it  is  to  be  *         '  '^  ^r 
repairs,  it  is  placed  in  the  roimd-house.     If  no  repairs  a» 
it  is  turned  quickly  and  sent  direct  to  the  engine  storage 
it  awaits  a  call  for  power  for  a  return  train  on  t  he  divisic 
it  arrived.    The  average  total  time  taken  by  an  engj 
repairs  are  made,  from  when  it  cuts  loose  from  Us  train  ii 
yard  until  it  is  ready  to  take  a  train  out  on  the  road  agai 
exceed  one  and  one-half  hours  in  a  properly  urmng 
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a  yard  plan  is  not  properly  planned,  an  engine  will  take  from  four  to 
six  hours  to  make  the  same  movement. 


DISCUSSION. 

Mr.  C.  M.  Mills. — What  does  the  mark  you  place  on  the  cars  indicate?  Does 
it  indicate  the  track  on  which  they  are  to  go? 

Mr.  Richards. — ^Yes,  the  tracks  are  all  numbered,  and  the  mark  on  the  car 
indicates  the  track  to  which  they  go. 

Mr.  Mills. — ^What  kind  of  a  mark  is  it?    Is  it  a  placard? 

Mr.  Richards. — No,  they  are  generally  chalked  plainly  on  the  side  of  the 
car.  The  man  in  the  tower  has  a  card  list,  and  the  ''  cuts"  that  are  made  of  the 
train  in  the  receiving  yard  are  all  placed  on  this  card.  The  cards  are  delivered 
to  the  man  in  the  tpwer,  and  they  show  him  what  is  coming.  Then,  as  the  cars 
cdme  along  to  the^hump,  he  watches  his  card  and  watches  his  cars. 

Mr.  Mills.— Are  the  numbers  of  the  cars  put  on  the  cards  he  gets? 

Mr.  Richards^— YeS,  they  are. 

Mr.  Furbbr. — Is  that  necessary?  You  have  the  number  of  cars  on  every 
''cut"  and  the  number  of  "cuts"  to  be  made.  Suppose  you  wish  to  make  60 
"  cuts,"  do  you  have  to  have  a  man  with  each? 

Mr.  Richards. — Yes,  the  card  is  necessary.  As  to  the  number  of  men — 
one  man  can  take  10  cars  or  one  car.  If  there  were  10  cuts  in  60  cars,  there 
would  have  to  be  10  men,  and  if  there  were  60  "  cuts,"  there  would  have  to  be 
60  men,  unless  some  of  the  first  cut  men  would  return  to  the  hump  and  take  a 
second  trip;  thb  generally  is  the  case,  and  not  so  many  men  are  employed.  Thb 
yard  from  the  hump  is  very  steep ;  it  starts  about  two  feet  to  the  hundred.  That 
carries  the  car  through  the  switches,  and  when  it  gets  down  to  the  easy  grade  of 
the  classification  yard,  the  man  knows  about  where  it  will  stop,  from  his  expe- 
rience,  and  gets  off  to  return.  There  is  often  eihployed  a  small  engine  with  a 
car  that  runs  him  back  to  save  time. 

Mr.  Furbbr. — Will  you  describe  the  button-controlled  switches?.  Have 
they  been  in  use  very  long? 

Mr.  Richards. — ^That  method  is  somewhat  cheaper  than  a  full  interlocking 
system  with  signals.  It  is  simply  an  electric  button  which  actuates  a  valve 
and  throws  the  switches.  They  call  it  a  button  machine  because  the  switches 
are  thrown  by  pressing  a  button  instead  of  by  throwing  a  lever.  It  is  not 
necessary  to  have  signab.    The  device  is  not  a  new  one. 

A  Member. — Do  you  ubc  spring  frogs  or  stiff  frogs? 

Mr.  Richards. — We  use  both,  but  generally  a  frog  that  springs  both  wings; 
it  gives  a  better  opening  for  wheel  flanges  to  pass  through. 

Mr.  Furbbr. — In  the  case  of  a  car  getting  on  the  wrong  track,  how  would 
you  correct  the  mistake? 

Mr.  Richards. — It  would  have  to  be  shifted  back  if  it  got  on  the  wrong 
track;   this  sometimes  will  happen. 

Mr.  McClellan. — But  if  a  "cut"  has  a  number  on  it  and  the  towerman 
wbhes  to  know  the  destination  of  the  "  cut "  following  it,  is  there  anything  else 
shown  on  t)Hit<"cut"  so  that  he  can  check  it? 
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(r.  Richards. — ^Yes,  each  "  cut''  shows  its  destination  as  well  as  the  destina- 
of  the  "cut"  following  it. 

Ib.  McClellan. — Then  are  there  two  marks  on  each  "cut"? 
in.  Richards. — ^Yes;  each  "cut"  should  have  two  marks,  and  on  both  sides 
he  coupling  the  numbers  should  be  the  same. 

Hr.  McClellan. — Does  not  the  location  of  the  engine  facilities  in  this  yard 
t>r  the  engines  entering  the  yard  in  one  direction  at  the  expense  of  those 
fiering  from  the  other  direction? 

Mr.  Richards. — That  makes  but  little  difference.    It  is  no^  so  much  the  dis- 
nce  the  engine  runs  as  the  importance  of  having  a  separate  engine  track  for 
^gine  run.    They  get  home  quickly  if  there  is  no  interference, 
ftv  Mr.  Nichols. — Do  you  always  locate  the  engine  facilities  between  the  two 
Afferent  yards? 

Mr.  Richards. — Not  always,  but  generally  so  as  to  save  crossing.  If 
perty  or  physical  reasons  compelled  us  to  go  outside,  we  would  try  to  get 
. — he  engine  tracks  imder  the  main  running  tracks  to  give  the  engines  a  quick 
^gmd  uninterrupted  run.  The  cardinal  consideration  in  designing  a  modem  yard 
^^  time. 

— ^      Mr.  Nichols. — What  is  the  length  of  that  yard? 
^      Mr.  Richards. — About  two  miles,  from  end  to  end. 

^      Mr.  Little. — Would  increasing  the  facilities  in  the  future,  adding  more 
tracks,  change  the  whole  system? 

Mr.  Richards. — No;  we  have  provided  for  the  future.  There  is  only  half 
of  this  yard  to  be  constructed  at  this  time,  and  we  have  room  to  about  double 
it.     The  dotted  portion  represents  future  extensions. 

Mr.  Little. — In  the  event  of  a  larger  space  to  be  provided  for,  would  you 
have  to  shove  the  passenger  tracks  out?  Would  the  classification  yard  then  be 
extended  down?  ,,•-,• 

Mr.  Richards. — ^Yes;  after  all  the  dotted  portion  is  completed  we  would 
then  move  the  classification  tracks  over.  We  hav^e,  however,  provided  quite 
liberally,  having  in  the  receiving  yard  a  large  area.  In  the  classification  yard 
we  have  not  quite  so  much,  although  we  have  three  tracks  on  the  side  and  could 
put  in  three  more.  It  is,  of  course,  always  well  to  provide  for  future  exten- 
sions. 

Mr.  Wilson. — How  thorough  is  the  inspection  of  cars  in  the  several  yards? 
Mr.  Richards. — ^When  the  train  arrives,  all  cars  are  inspected  in  the  receiv- 
ing yard,  and  again  in  the  starting  yard.  The  engines  are  thoroughly  inspected, 
and  if  anything  appears  to  be  wrong,  it  is  reported,  and  the  engine  sent  into 
the  roimd-house.  If  no  repairs  are  necessary,  the  engine  is  turned  and  takes 
another  train. 

Mr.  Furbbr. — Philadelphia  is  not  very  happily  situated  as  far  as  round- 
houses are  concerned;  they  have  to  go  a  long  distance  to  the  round-house  here. 
Mr.  Richards. — ^Yes,  unavoidably  so.     It  is  quite  a  loss  of  time,  and  time 
is  a  word  that  counts. 

Mr.  McClellan. — What  is  the  route  of  an  engine  after  it  leaves  the  coal 
wharf,  bound  south,  say?  What  track  would  it  take  to  get  in  advance  of  a 
train? 

Mr.  Richards. — I  will  trace  an  engine  coming  from  the  north  on  the  ex- 
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hibit.  It  cuts  loose  from  its  train  in  the  receiving  yard  near  the  hump,  goes 
down  on  the  engine  track  to  the  inspection  pit,  then,  after  cleaning  out  ashes 
and  taking  coal,  it  goes  into  the  engine  storage  yard.  It  is  now  ready  to  be 
called  to  return  north  bound.  If,  it  comes  from  the  south,  it  takes  its  engine 
track  from  its  stopping  place  near  the  hump  and  goes  through  practically  the 
same  maneuver  and  makes  ready  to  return  with  a  train  south. 

Mr.  McClellan. — Can  you  sort  out  the  engines  in  the  storage  yard  for  ^eir 
particular  runs  or  are  they  supposed  to  go  out  in  the  same  order  in  which  they 
came  in? 

Mr.  Richards. — Each  track  in  the  storage  yard  holds  about  four  engines; 
they  are  made  short,  so  that  any  particular  engine  may  be  readily  picked  out. 
They  are  not  intended  to  go  out  in  precisely  the  same  order  in  which  they  arrive. 

Mr.  Mills. — What  is  the  classification  based  on — ^the  destination  of  the  cir 
or  the  character  of  the  freight? 

Mr.  Richards. — The  destination  of  the  car.  For  instance,  we  will  take  cars 
coming  from  the  west  into  the  Harrisburg  yard.  When  it  arrives  at  Harrisborg 
a  train  may  be  divided  and  some  oars  sent  to  the  Cumberland  Valley  Railroad, 
to  the  Northern  Central  Railroad,  to  the  Philadelphia  and  Reading  Railway, 
to  Lancaster,  to  Philadelphia,  or  through  to  New  York — any  oi  these  different 
routes — and  are  classified  accordingly. 

The  President. — Is  that  a  transfer  station  shown  on  the  plan? 

Mr.  Richards. — ^Yes,  sir;  that  is  a  station  operation  for  transfer  of  freight 
in  cars  that  are  to  break  bulk — i.  e.,  the  material  has  to  be  taken  out  of  one  car, 
classified  and  put  in  another. 

Mr.  Wilson. — How  long  has  that  yard  lay-out  been  in  operation? 

Mr.  Richards. — It  is  not  yet  in  operation;  they  are  now  constructing  it. 

Mr.  Ballinobr. — In  going  from  Pittsburg  to  Philadelphia,  for  instance,  how 
many  such  yards  will  a  freight  train  ordinarily  pass  through? 

Mr.  Richards. — Large  yards  of  this  kind  on  our  main  line  are  located  about 
100  miles  apart.  Pittsburg  and  the  Pittsburg  division  is  almost  a  big  yard  of 
itself;  coming  east  the  next  yard  S3r8tem  is  at  Altoona  (117  miles),  and  from 
there  to  the  Harrisburg  yard  is  132  miles,  and  from  Harrisburg  to  IHiiladelphia 
is  105  miles,  so  the  large  yards  to  which  you  refer  are  about  IQO  miles  apart. 

Mr.  Ballinqer. — What  is  the  advantage,  as  shown  on  this  plan,  of  running 
some  of  the  tracks  around  the  yard  for  special  freight?  Why  not  parallel  to 
the  passenger  tracks? 

Mr.  Richards. — The  special  or  fast  freight  running  north,  unless  they  had 
separate  tracks,  would  interfere  at  the  hump  with  the  slower  freight  going  through 
the  classification  yard.  They  would,  furthermore,  retard  their  time,  so  we  give 
them  separate  tracks — simply  enough  to  exchange  engines  and  continue.  They 
are  nearly  on  passenger  schedule  and  should  stop  and  go  about  like  a  passenger 
train. 

Mr.  Hohn. — Would  it  not  be  jtist  as  well  to  run  them  parallel? 

Mr.  Richards. — It  did  not  suit  so  well  as  having  the  passenger  on  one  side 
and  the  freight  on  the  other  side.  It  was  considered  better  to  keep  the  freight 
tracks  together,  and  away  from  the  passenger  tracks.  It  could  have  been  done, 
but  would  not  be  quite  so  good  an  operation — the  freight  comes  in  better  on 
that  side. 
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Mr.  Mills. — Is  the  freight  handled  on  special  tracks? 

Mb.  Richards. — No,  the  freight  runs  on  the  same  tracks  as  the  passenger. 
When  they  get  north  of  Washington,  however,  they  have  for  part  of  the  distance 
special  tracks.  In  a  four-track  railroad  we  run  the  freight  trains  on  the  middle 
and  the  passengers  trains  on  the  outside  tracks. 

Mr.  Mills. — -Where  a  full  train  goes  between  two  principal  cities,  like  Phila- 
delphia and  Pittsburg,  is  it  necessary  to  run  it  through  those  yards? 

Mr.  Richards. — If  a  full  train  is  made  up  from  one  city  to  another,  it  runs 
through  such  tracks  as  are  shown  on  the  outside  of  this  yard  plan,  stopping  only 
to  exchange  engines.  We  would  like  to  see  it  so,  as  the  more  classification,  the 
more  delay  and  the  more  expense.  The  more  full  trains  we  can  make  up,  the 
more  we  can  get  through,  but,  unfortunately,  there  is  a  great  amount  of  classi- 
fication. This  is  one  of  the  troubles  that  railroad  operators  have  to  contend 
with. 

Mr.  Nichols. — In  connection  with  the  classification  done  at  Altoona  it  oc- 
curred to  me  that  very  little  of  the  cars  classified  there  would  require  to  be  re- 
handled  at  Harrisburg. 

Mr.  Richards. — As  I  stated,  we  try  to  get  as  many  through  Harrisburg 
as  we  can  without  classification,  but  there  are  so  many  forks  there  it  b  quite  a 
hard  matter  to  get  them  through. 
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REGULATING  VALVE. 

J.  W.    LBDOUX. 
Read  Fehnutry  18,  1906. 

In  waterworks'  practice  with  gravity  supplies  there  are  many  cases 
in  which  it  is  desirable  to  control  the  flow  of  water  through  a  pipe 
from  an  upper  source  to  a  reservoir  at  a  lower  level.  Suppose,  for 
instance,  a  town  gets  its  waternsupply  by  gravity  from  a  lake  or  stream 
situated  10  miles  distant  and  500  feet  higher  than  the  streets.  A 
convenient  pressure  on  the  town  would  be,  say,  100  pounds  per  square 
inch,  but  the  lake  pressure  would  be  over  200  pounds  per  square 
inch,  which  is  too  much  for  satisfactory  service.  Pipes  to  stand  this 
pressure  would  be  too  costly,  and,  besides,  ordinary  plumbing  fixtures 
and  fire  hose  would  hardly  stand  it.  To  overcome  the  diflSculty  a 
distributing  reservoir  is  built  as  near  the  town  as  possible,  and  at  an 
elevation  200  feet  higher.  If  there  is  a  surplus  of  water  and  a  means 
for  the  disposal  of  waste  water  from  the  distributing  reservoir,  it  can 
be  allowed  to  overflow,  but  usually  good  water  at  a  high  elevation  is 
scarce,  and  often  it  is  inconvenient  to  take  care  of  the  overflow.  For 
unimportant  cases,  and  in  warm  weather,  a  float  suitably  attached  to 
a  balanced  or  butterfly  valve  can  be  arranged  to  throttle  or  shut  off 
the  supply  main  when  the  reservoir  is  filled  to  the  desired  height;  or, 
in  more  important  cases,  there  can  be  stationed  at  the  distributing 
reservoir  a  man  who  regulates  the  supply  by  an  ordinary  gate  vah'e ; 
but  for  various  reasons  these  are  objectionable.  There  are  on  the 
market  automatic  regulating  valves  operated  by  piston  or  diaphragm 
with  spring  or  weight,  but  these  are  not  very  sensitive,  and  permit 
of  a  variation  of  water  level  from  two  to  ten  feet. 

The  apparatus  herein  shown  is  fully  as  sensitive  and  has  all  the 
advantages  of  a  float  type  of  regulating  valve,  and  is  at  the  same  time 
free  from  its  objections.  In  Fig.  1,  F  is  a  hydraulic  valve  on  the  supply 
main,  B  is  a  closed  cylindric  mercury  reservoir,  and  C  an  open  cylindric 
mercury  float  reservoir  with  a  loose  removable  cover,  K.  The  hy- 
draulic valve  F,  is  operated  by  hydrauUc  cylinder  E.  Water  flows  in 
the  direction  of  the  arrow  into  areservoir  or  standpipe  until  it  is  full,  or 
the  elevation  of  water  in  it  is  at  the  desired  height.  The  pressure  due 
to  this  height  acts  on  the  mercury  reservoir  B  through  the  pipe  Q; 
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the  mercury  passes  up  through  pipe  L  mto  the  float  chamber  C,  raising 
the  float  and  operating  the  auxiliary  five-way  valve  D,  so  as  to  permit 
water  to  pass  through  the  pipes  M  and  N  into  the  upper  portion  of 
the  hydraulic  cylinder  E;  and  at  the  same  time  the  bottom  of  the 
hydraulic  cylinder  drains  through  the  pipe  O  bacTc  through  the  aux- 
iliary valve  D,  and  out  of  the  waste-pipe  P,  which  in  many  cases  may 
be  connected  with  the  low-service  side  of  the  valve  F.  This  operation 
closes  valve  F.  When  the  reservoir  lowers  a  few  inches  the  float  in 
chamber  C  will  fall,  and  the  auxiliary  valve  D  will  operate  so  as  to 
permit  water  to  pass  through  the  pipe  M  and  through  the  auxiliary 
valve  and  the  pipe  O,  to  the  bottom  of  the  hydraulic  cylinder  E,  and 
at  the  same  time  drain  the  top  of  the  cylinder  through  the  pipe  N, 
through  the  auxiliary  valve,  D,  and  through  the  waste-pipe  P,  thus  open- 
ing valve  F.  At  points  H,  I,  and  J  are  placed  couplings  containing 
metal  screens  which  prevent  dirt  from  getting  into  the  auxiliary  valve. 

In  some  cases  this  apparatus  is  operated  by  having  the  pipe  Q 
connected  on  the  opposite  side  of  the  hydraulic  valve  F.  In  this 
manner  water  will  flow  into  the  reservoir  or  standpipe  until  it  is  full, 
when  the  valve  F  will  close  as  before.  It  will  open  just  as  soon  as  the 
pressure  on  the  high-service  side  falls  to  a  point  equal  to  what  it  would 
be  if  the  valve  F  were  open  and  the  reservoir  were  dra^wi  down  a 
few  inches.  This  method  of  operation  is  often  most  convenient  and 
is  particularly  useful  where  there  is  a  large  consumption  on  the  high- 
service  side  of  the  hydraulic  valve. 

Theoretically,  it  would  be  desirable  to  have  the  hydraulic  valve  of 
the  balanced  type,  in  which  case  the  hydraulic  cylinder  E  would  be 
very  much  smaller.  For  ordinary  cases  we  usually  specify  the  hy- 
draulic cylinder  2  inches  larger  in  diameter  than  that  of  the  valve. 

It  is  evident  that  the  hydraulic  valve  F  need  not  be  the  full  size  of 
the  main ;  in  fact,  it  is  an  advantage  to  have  it  smaller.  It  could  be 
as  small  as  one-third  the  diameter,  and  connected  to  the  main  pipe 
with  reducers  or  otherwise.  By  means  of  the  diagrams  the  apparatus 
can  be  located  to  suit  the  conditions  and  elevations  existing  in  any 
particular  case.  It  will  be  seen  that  the  auxiliary  apparatus  is  moimted 
on  a  plate,  and  the  mercury  vessel  B  can  rest  on  a  suitable  support 
fixed  at  the  required  height. 

If  the  main  is  very  long,  say  10,  miles  or  more,  the  question  of  water 
hammer  would  have  to  be  considered  when  regulating  the  speed  at 
which  the  hydraulic  valve  closes.  Rather  than  throttle  too  much  the 
small  pipe  M,  a  spring  relief  valve,  generally  of  2-inch  size,  is  placed 
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on  a  by-pass  around  the  hydraulic  valve  F.  This  relief  valve  is  so 
specified  that  it  opens  when  the  pressure  is  10  pounds  greater  than 
that  due  to  the  hydrostatic  pressure  from  the  upper  reservoir;  and 
as  this  relief  valve  discharges  into  the  distributing  reservoir,  there  is 
no  waste  of  water.  In  general,  the  relief  valve  is  not  required,  espe- 
cially where  the  hydraulic  valve  is  made  one-half  or  one-third  the 
diameter  of  the  main,  because  the  closing  of  the  valve  is  at  a  uniform 
speed,  and  not  in  the  same  intermittent  manner  as  a  hand-operated 
valve  would  be  closed.  Where  the  valve  is  of  full  size,  the  velocity  in 
the  main  does  not  decrease  materially  until  the  valve  is  almost  closed, 
and  therefore  the  water  hammer  due  to  this  retardation  of  velocity 
would  be  much  greater  than  if  the  hydraulic  valve  is  made  small,  in 
which  case  the  velocity  in  the  main  begins  to  decrease  as  soon  as  the 
valve  begins  to  close. 

It  is  evident  that  the  regulating  apparatus  and  auxiliary  valve  can 
be  placed  at  any  required  distance  from  the  hydraulic  valve  F.  Usu- 
ally we  place  the  apparatus  in  a  gate  chamber  or  basement  of  a  gate 
house. 

We  have  had  this  apparatus  in  regular  operation  on  many  of  our 
plants,  and  it  operates  with  absolute  certainty.  By  its  use  the  level 
of  water  in  the  reservoir  can  be  controlled  to  within  from  one  to  three 
inches  from  the  mean  level.  In  one  case  that  we  have  watched  closely 
the  valve  continued  to  act  for  two  years  without  a  single  failure;  and  we 
know  of  no  case  where  the  apparatus  has  failed  to  give  satisfaction. 


DISCUSSION. 

Mr.  Nichols. — Where  does  the  waste  water  go? 

Mr.  Ledoux. — Into  the  low-pressure  side  usually,  and  if  the  pressures  are 
too  nearly  alike,  it  is  allowed  to  waste.  The  waste  does  not  amount  to  much 
— probably  not  to  exceed  25  to  50  gallons  a  day. 

Mr.  Nichols. — I  do  not  get  the  exact  object  of  balancing  the  column  of  water. 
Do  you  put  that  at  a  certain  distance  below  the  required  level  in  your  reservoir 
always? 

Mr.  Ledoux. — No;  not  necessarily.  It  can  be  placed  at  any  desired  location. 
The  distance  between  the  two  mercury  reservoirs  must  be  right  [indicating]. 

Mr.  Nichols. — Well,  isn't  that  governed  somewhat  by  the  relative  height 
of  location  B  to  your  water? 

Mr.  Ledoux. — The  vertical  distance  between  the  mercury  reservoirs  is  de- 
pendent on  the  height  of  the  reservoir  where  water-level  is  to  be  regulated.  The 
formulffi  are  given  on  the  drawing,  13.6  being  the  specific  gra\nty  of  mercury. 

Mr.  Nichols. — Then  how  high  do  you  place  the  float  above  B? 

Mr.  Ledoux. — This  is  determined  by  the  formula.     Suppose  the  upper  mer- 
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cury  pot  is  located  10  feet  below  the  reservoir.  Then  **H"  would  be  10  feet, 
and  "  h,"  the  distance  between  pots  B  and  C,  or,  rather,  the  surface  of  mercury 
in  pots  B  and  C,  would  be  10  -J-  12.58  =  0.79  foot,  or  9.6  inches.  If  the  distance 
were  12.58,  the  height  between  pots  would  be  one  foot. 

Mr.  Quimby. — Have  you  ever  found  the  pressure  interfered  with  by  air  col- 
lecting in  the  pipes?  That  would  affect  the  pressure  on  the  surface  of  the  mer- 
cury, consequently  the  flotation  of  the  valve. 

Mr.  Ledoux. — We  have  looked  for  that  trouble  too,  but  we  have  never  found 
it.  I  do  not  think  air  could  collect  there  to  amount  to  anything.  In  some  plants 
we  have  provided  for  that  very  carefully. 

A  Member. — Have  you  tried  the  method  of  filling  a  waste  bucket  to  operate 
your  hydraulic  valve? 

Mr.  Ledoux. — ^Yes,  sir,  we  have  tried  that,  but  the  trouble  is  the  small 
"  waste  "  opening  soon  clogs  up,  and  the  apparatus  fails  to  work. 

Mr.  Quimby. — Will  a  reducing  steam  valve  operate  successfully  with  water? 

Mr.  Ledoux. — I  do  not  know,  I  am  not  familiar  with  any  types  of  regulator 
valves  that  can  be  safely  used  on  water-supply  mains.  They  are  in  use,  but  I 
am  adverse  to  them,  because  if  they  are  on  a  long  main  and  operate  very  sen- 
sitively, they  shut  off  the  main  too  quickly  and  cause  serious  water  hammer; 
and  if  they  operate  slowly,  it  allows  the  high  pressure  to  accumulate  dangerously 
on  the  low-pressure  side,  where  you  do  not  want  it.  This  valve  works  very 
slowly;  you  can  see,  the  pipe  connections  are  small,  and  the  supply  can  be  fur- 
ther throttled,  if  necessary.  At  Chestnut  Hill  we  have  two  of  these  regulating 
valves  in  use,  and  have  provided  a  relief  valve  on  each.  At  Bryn  Mawr  we  have 
one,  also  at  Devon  and  Conshohocken,  and  in  fact  we  have  them  all  over  the 
system  where  we  have  low-service  reservoirs. 

Mr.  Nichols. — Is  that  a  typical  method  of  getting  the  water  into  the  cylin- 
der— through  the  flanges? 

Mr.  Ledoux. — I  am  not  sure  whether  that  is  the  best  method  or  not.  I 
should  judge  it  were  immaterial. 


COMMUNICATED  DISCUSSION. 

J.  D.  Voqleson. — The  author's  statement  that  in  unimportant  cases,  in  warm 
weather,  a  balanced  or  butterfly  valve  suitably  attached  to  a  float  can  be  used 
to  control  the  flow  from  a  supply  main  to  a  reservoir,  and  that  in  important  casea 
an  ordinary  gate  valve  can  be  operated  by  an  attendant,  "  but  for  various  reasons 
these  are  objectionable,"  may  be  misleading,  since  the  reasons  are  not  given. 
That  balanced  valves  operated  by  floats  are  not  wholly  objectionable  but  are  in 
some  cases  well  adapted  for  the  purpose  of  regulating  elevations  of  water  sur- 
faces is  illustrated  by  a  number  of  such  valves  now  operating  at  th^  filter  stations 
in  this  city.  The  design,  which  is  not  complex,  is  shown  ht  Un  ;u-i.Miu|)ai*>mg 
cut.     (Fig.  3.) 

The  walking  beam  is  supported  on  a  platform  suspended  from  the  tor 
filters,  and  connects  the  stems  of  the  float  and  the  balanced  valve.     Th 
adjustable  on  its  stem,  and  by  means  of  the  walking  beam  iran.'imits  to  j 
stem  the  motion  caused  by  the  changing  elevation  of  the  waitir  ^urfEwe 
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controls  the  flow  from  the  supply  main.  Since  the  valves  are  within  the  filters, 
which  are  covered,  it  does  not  matter  whether  the  weather  is  warm  or  cold. 

It  was  reported  to  the  writer  that  the  valves  were  useless.  Experiments  were, 
however,  made,  and  in  the  cases  tried  it  appeared  that  the  difficulty  was  in  all 
probability  due  to  the  size  of  the  floats,  and  indications  were  that  they  lacked 
both  weight  and  buoyancy.  Changes  were  made  along  the  lines  indicated,  and 
the  valves  on  which  adjustments  were  necessary  are  now  working  satisfactorily. 
In  one  case,  where  the  supply  comes  from  a  pumping  main,  the  elevation  is  now 
being  controlled  to  within  ^  of  an  inch ;  in  another,  where  the  supply  is  from  a 
gravity  source,  the  variation  is  ^  of  an  inch;  if  the  variation  were  one  inch,  it 
would  still  be  satisfactory,  and  in  the  cases  cited  the  control  of  flow  by  means 
of  balanced  disc  valves  operated  by  floats  is  all  that  could  be  desired. 

Mr.  Ledoux. — Referring  to  Mr.  Vogleson's  points  in  their  order — it  must  be 
remembered  that  the  regulating  apparatus  described  by  me  was  considered  in 
its  application  to  distributing  reservoirs  and  standpipes,  which  in  nearly  all  cases 
are  not  covered,  and,  therefore,  would  freeze  in  the  winter.  Manifestly,  a  float 
for  these  cases  would  be  very  troublesome.  Besides  that,  suppose  it  were  neces- 
sary to  control  the  level  of  a  standpipe  100  feet  high,  it  will  at  once  be  seen  that 
the  rods  and  mechanism  necessary  to  connect  with  the  float  would  be  very  ob- 
jectionable. Then,  again,  balanced  valves  of  large  size  are  special  in  their  con- 
struction, and  there  is  no  regular  type  on  the  market  that  is  all  that  could  be 
desired.  Some  one  has  said  that  every  engineer  of  prominence  during  his  expe- 
rience has  designed  at  least  one  balanced  valve  and  one  rotary  engine  and  after- 
ward discarded  them  both.  I  think  this  is  rather  an  imjust  statement  in  respect 
to  the  balanced  valve. 

We  know  very  well  that  the  float  plan  works  satisfactorily  in  some  special 
cases.  At  Greentree,  Pa.,  we  have  a  small  covered  regulating  reservoir  40  feet 
in  diameter  put  in  seven  years  ago.  The  supply-pipe  enters  the  top.  At  the 
end  of  supply-pipe  is  a  butterfly  valve  with  side  stem,  to  which  is  attached  a 
lever  5  feet  long  having  a  16-inch  float  at  its  end.  This  regulates  the  level  of 
water  very  nicely  to  within  a  foot,  but  on  account  of  the  high  pressure  in  the 
supply  main  (40  pounds  per  square  inch),  it  will  be  seen  that  it  would  be  difficult 
to  get  a  very  fine  regulation  unless  the  float  were  extremely  large,  on  accoimt 
of  the  friction  in  the  stuffing-boxes  of  the  valve. 
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Regular  Meeting,  January  7,  1905. — President  Carl  Hering  in  the  chair. 
Seventy-five  members  and  visitors  present. 

Mr.  F.  H.  Von  Keller  presented  a  paper  on  "The  Principles  and  Applications 
of  Mercury  Vapor  Apparatus.*' 

Annual  Meeting,  January  21,  1905. — President  Carl  Hering  in  the  chair. 
One  hundred  and  eight  members  and  visitors  present. 

The  Treasurer  reported  the  names  of  ten  active  members,  one  junior  mem- 
ber, and  one  associate  member  who  had  been  dropped  from  the  rolls  because 
of  non-payment  of  dues. 

The  annual  reports  of  the  Board  of  Directors  and  the  Treasurer  were  accepted 
as  printed. 

The  retiring  President,  Mr.  Carl  Hering,  presented  the  annual  address,  in  which 
he  analyzed  the  progress  of  the  Club  since  its  foundation,  and  made  reconomen- 
dations  for  the  future. 

The  Tellers  reported  the  election  of  H.  Watson  Affleck,  Arthur  L.  Reeder,  and 
Charles  F.  Schaeffer  to  active  membership,  and  W.  H.  Butler,  H.  D.  Fisher,  J. 
Scott  Fowler,  and  Charles  W.  Lummis  to  junior  membership. 

The  Tellers  reported  the  election  of  the  following  officers  for  1905:  President, 
Silas  G.  Comfort;  Vice-President,  Joseph  B.  King;  Secretary,  Walter  Loring 
Webb;  Treasurer,  Geo.  T.  Gwilliam;  Directors,  W.  P.  Dallett,  John  T.  Loomis, 
and  Henry  H.  Quimby. 

Regular  Meeting,  February  4,  1905. — President  Silas  G.  Comfort  in  the 
chair.  Owing  to  the  very  large  attendance,  the  meeting  was  held  in  Wither- 
spoon  Hall.     Three  hundred  and  three  members  and  vbitors  present. 

Mr.  John  W.  Hill  (visitor)  read  a  paper  entitled  "Examination  of  the  Torres- 
dale  Conduit.*' 

Regular  Meeting,  February  18,  1905. — President  Silas  G.  Comfort  in  the 
chair.     Ninety-two  members  and  visitors  present. 

The  Secretary  announced  the  death  of  Mr.  George  Holmes  Perkins,  active 
member,  on  February  2. 

Mr.  Joseph  T.  Richards  read  a  paper  on  "The  Design  and  Operation  of  a 
Modem  Freight  Yard.'' 

Mr.  J.  W.  Ledoux  read  a  paper  entitled  "A  Regulating  Valve." 

Business  Meeting,  March  4,  1905. — President  Silas  G.  Comfort  in  the  chair. 
Eighty-six  members  and  visitors  present. 

The  Tellers  announced  the  election  of  Moriz  Bernstein,  Edwin  M.  Evans, 
Herman  A.  Jensenius,  Frederick  N.  Morton,  H.  M.  Piatt,  and  Marshall  R.  Pugh 
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to  active  membership,  and  Francis  H.  Gilpin,  W.  A.  Mclntyre,  Herbert  S.  Mur- 
phy, John  Reilly,  Jr.,  Irving  B.  Thomas,  and  Howard  L.  Yearsley  to  junior  mem- 
bership. 

Mr.  Robert  G.  Dieck  read  a  paper  entitled  the  ''Engineering. Development 
of  Manila  under  American  Dominion.^' 
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Special  Meeting,  January  7,  1905. — Present:  President  Carl  Hering,  Vice- 
Presidents  Foster  and  McBride,  Directors  Leiper,  Loomis,  Davis,  Devereux, 
E^by,  the  Secretary,  and  the  Treasurer. 

The  report  of  the  Executive  Committee  was  accepted  for  presentation  to  the 
Club. 

The  annual  report  of  the  Treasurer  was  accepted  and  ordered  printed. 

The  Information  Committee  was  authorized  to  secure  a  hall,  with  seating 
capacity  for  250,  for  Mr.  Hill's  presentation  of  his  paper  on  the  Torresdale  con- 
duit; the  House  Committee  to  arrange  for  the  luncheon. 

Regular  Meeting,  January  21,  1905. — Present:  President  Carl  Hering, 
Vice-Presidents  Foster  and  McBride,  Directors  Leiper,  Loomis,  Davis,  Devereux, 
Easby,  the  Treasurer,  and  the  Secretary. 

The  Treasurer's  report,  dated  January  3,  1905,  showed: 

Balance,  November  30, 1904, $933.31 

December  receipts, 1302.11 

$2235.42 
December  disbursements, 817.90 

Balance.  December  31, 1904, $1417.52 

On  hand  and  in  Girard  Trust  Co., $839.09 

In  West  End  Trust  Co., 578.43   $1417.52 

The  Membership  Committee  reported  that  the  following  members  had  been 
transferred  to  the  active  list:  Wm.  H.  Baker,  Charles  Day,  H.  E.  Ehlers,  Owen 
B.  Evans,  W.  H.  Harman,  A.  P.  Hume,  Wra.  Jordan,  Jr.,  Wallace  R.  Lee,  Harold 
T.  Moore,  A.  B.  Morrison,  Jr.,  Thorsten  Y.  Olsen,  Charles  G.  Pfeiffer,  Marion  de 
K.  Smith,  Jr.,  and  Samuel  P.  Yeo. 

On  motion,  the  following  resignations  were  accepted:    Victor  Aiigen?rr,  T*^ 
Norris  Box,  E.  Chamberlain,  R.  D.  Coombs,  Jr.,  D.  S.  Cresswvil,  A.  L.  Kit 
head,  E.  H.  Fairbanks,  J.  W.  Henszey,  C.  H.  Machen,  J.  W,  Ticmoy  jvnd  ( 
Vincent. 

Thfe  following  recommendations  to  the  new  Board  of  Dirpiiorn  wert^  ado] 
"That  the  house  furniture,  fixings,  and  library  be  reappnu^rcl.  \ 

"That,  whereas,  at  times  the  telephone  privileges  of  the  Cluh  aro  nbxVi 
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the  matter  of  out-of-town  calls,  some  attention  be  given  to  the  amounts  unpaid 
on  these  calb. 

''That  a  fireproof  safe  be  purchased  for  the  records  and  account  books  of  the 
Club. 

"That  the  proper  committee  look  into  the  value  of  the  bond  now  held  by  the 
Club  to  ascertain  if  the  bond  could  be  sold  and  the  money  reinvested  to  better 
advantage;  that  at  the  same  time  the  question  be  taken  up  as  to  the  invest- 
ment of  the  $500  of  the  cash  balance. 

"That  the  Advertising  Conunittee  be  continued. 

"That  a  complete  card  index  of  the  'Proceedings'  of  the  Club  be  made, 
and  that  it  be  printed  and  distributed  to  the  members. 

"That  the  charges  for  copies  of  the  'Proceedings'  be  fixed  as  follows:  50 
cents  per  copy  to  outsiders  and  25  cents  per  copy  to  members  and  newsdei^ders, 
provided  that  the  number  of  copies  of  any  ntmiber  of  the  '  Proceedings  *  is  not 
less  than  25,  in  which  event  enough  of  the  25  copies  are  to  be  set  aside  to  com- 
plete the  full  sets  of  'Proceedings '  then  on  hand,  and  the  balance  to  be  disposed 
of  to  members  only  at  the  above  price.  The  full  sets  of  the  'Proceedings'  are 
not  to  he  broken  into  for  the  purpose  of  withdrawing  single  copies,  but  are  to 
be  sold  complete.  Authors  may  secure  additional  copies  of  '  Proceedings '  in 
which  their  papers  appear  at  cost,  if  they  are  ordered  before  going  to  press. 
Authors  may  secure  reprints  at  cost,  as  at  present." 

Organization  Mbbtinq,  January  28,  1905. — Present:  President  Silas  G. 
Comfort,  Vice-Presidents  McBride  and  King,  Directors  Easby,  Davis,  Loomis, 
Dallett,  Quimby,  and  the  Secretary, 

The  President  announced  the  following  Committees:  Finance,  W.  P.  Dallett, 
G.  C.  Davis,  Joseph  B.  King;  Membership,  Wm.  Easby,  Jr.,  Geo.  C.  Davis,  W. 
P.  Dallett;  Publication,  Henry  H.  Quimby,  Wm.  Easby,  Jr.,  Thos.  C.  McBride; 
Information,  Thos.  C.  McBride,  Wm.  Easby,  Jr.,  Joseph  B.  Kmg;  Library,  Wash- 
ington Devereux,  Joseph  B.  King,  Henry  H.  Quimby;  House,  John  T.  Loomis, 
Washington  Devereux,  Geo.  C.  Davis;  Auditors,  H.  W.  Spangler,  R.  L.  Hum- 
phrey, Francis  Head;  Tellers,  W.  E.  Bradley,  I.  W.  Hubbard,  H.  P.  Cochrane; 
Alternate  Tellers,  Emile  G.  Perrot,  Alan  Corson,  F.  E.  Dodge. 

Regular  Meeting,  February  18,  1905. — Present:  President  Silas  G.  Com- 
fort, Vice-President  McBride,  Directors  Easby,  Dallett,  Quimby,  Davis,  Loomis, 
Devereux,  the  Secretary,  and  the  Treasurer. 

The  Treasurer's  report,  dated  February  14,  1905,  showed: 

Balance,  January  1, 1905, $1417.52 

January  receipts, 1942.35 

$3359.87 

January  disbursements, 366.33 

$2993.54 

On  hand  and  in  Girard  Trust  Co.  .  .  $2415.11 

In  West  EndTrustCo., 578.43   $2993.54 
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The  Secretary  reported  the  death  of  George  Hoknes  Perkins,  at  Island  Heights, 
February  2. 

The  Secretary's  selection  of  Clerk  at  $35  a  month  was  approved. 

It  was  moved  that  the  lease  for  the  Club  House  be  executed  in  accordance 
with  a  letter  of  the  Girard  Trust  Company,  if  it  meets  with  the  approval  of  the 
House  Committee  and  the  President. 

Moved  and  carried  that  the  Advertising  Committee  be  continued;  the  per- 
sonnel to  be:  The  Treasurer,  the  Secretary,  and  the  Chairman  of  the  Publica- 
tion Committee. 

The  resignations  of  A.  B.  Morrison,  Jr.,  and  S.  Godfrey  Griffith  were  accepted. 

By  resolution,  the  Treasurer's  salary  was  increased  from  $60  to  $120  per  year, 
and  that  of  the  Secretary  was  increased  from  $240  to  $360  per  year,  dating  from 
February  1 . 
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From  State  Board  of  Health,  Mass. 
Thirty-fifth  Annual  Report  of  the  Board. 

From  Edward  Orton,  State  Geologist. 
Geological  Survey  of  Ohio,  fourth  series.  Bulletin  2. 

From  United  States  Coast  and  Geodetic  Survey. 
Report  of  the  Superintendent  for  1904. 

From  Charles  D.  Walcott,  Director. 
Water  Resources  of  the  Philadelphia  District. 

From  Municipal  Board,  Manila,  P.  I. 
Report  of  the  Municipal  Board  for  1904. 

From  C.  E.  Sherman,  Inspector. 
Preliminary  Report  of  the  Ohio  Co-operative  Topographic  Survey. 
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Stated  MeetingB — 1st  and  3d  Satardays  of  each  month,  at  8  P.M.,  except  between  the 
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Business  Meetings — When  required  by  the  Constitution  or  By-Laws,  when  ordered 
by  the  President  or  the  Board  of  Directors,  or  on  the  written  request  of  five 
Active  Members  of  the  Club. 

The  Board  of  Directors  meets  on  the  3d  Saturday  of  each  month,  except  July  And 
August. 
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siometimes  more  than  that,  but  on  the  average  between  40  and  50  cents  per  square 
foot,  exclusive  of  the  top  flooring.  Including  the  cost  of  the  walls,  windows,  and 
finish,  which  we  usuallj  build  the  same  in  either  case,  it  only  represents  a  differ- 
ence in  the  total  cost  for  a  factory  or  a  warehouse  building  of  about  10  or  15  cents 
per  square  foot,  provided  a  cement  floor  is  placed  on  the  concrete.  With  a  wood 
floor,  it  would  cost  about  8  cents  more  than  it  does  for  a  cement  floor. 

There  is  one  instance  that  I  might  mention — ^a  case  of  placing  an  engine  on 
a  concrete  floor;  it  was  the  first  engine  we  put  upon  a  reinforced  concrete  floor, 
and  I  felt  at  that  time  as  though  I  was  on  thin  ice,  but  it  seemed  to  be  a  case  of 
necessity.  We  had  not  designed  it  originally.  We  had  intended  to  have  a  wood 
floor  in  the  engine-room,  with  a  space  of  about  8  feet  under,  suflicient  to  walk 
under,  in  order  to  get  to  pipes,  electric  wires,  etc.,  and  in  designing  our  piping 
and  heating  plant  we  found  that  about  the  only  space  that  we  had  for  a  hot- 
water  generator, — the  only  desirable  space, — would  be  partly  occupied  by  the 
engine  foundation.  So  we  simply  made  a  change,  putting  in  a  reinforced  con- 
crete floor  as  an  engine  foundation,  and  the  engine  has  been  running  now  over 
a  year,  without  any  noticeable  vibration,  and  very  successfully.  We  have  since 
done  that  on  several  occasions  and  with  equal  success. 

Emile  G.  Perrot. — ^I  would  like  to  speak  on  one  phase  of  the  subject  of  rein- 
forced concrete  which  has  not  been  touched  upon  in  the  lecture,  and  which  I 
think  is  worthy  of  the  attention  of  engineers,  and  that  id  the  personal  equa- 
tion entering  into  its  construction.  The  erection  of  a  reinforced  concrete 
building  or  other  structure  necessitates  a  change  from  the  usual  methods  of 
construction,  and  when  it  comes  to  the  application  of  the  reinforcing  bars  in 
such  work  it  would  seem  that  there  should  be  close  supervision  to  insure  the 
bars  being  placed  in  the  proper  position.  This  of  course  requires  great  care 
either  in  wiring  or  banding  the  bars.  In  the  case  of  retaining  walk,  such  as 
in  the  subway  here,  some  such  method  must  be  used  to  secure  them  in  posi- 
.  tion,  either  by  wooden  templates  nailed  to  the  forms  or  by  wiring  the  rods  in 
their  proper  position.  This  question  has  not  been  touched  upon  at  all,  neither 
has  there  been  any  mention  of  the  improvements  made,  or  of  any  ideas  that 
have  been  developed  along  that  line. 

We  all  know  that  the  strength  of  a  beam  b  materially  affected  by  the  position 
of  the  bars  in  the  beam.  A  variation  of  one  inch  in  a  15-inch  beam  will  affect 
the  strength  about  15  per  cent.  If  an  engineer  in  his  office  figures  on  a  certain 
position  of  the  bars,  and  the  workmen  at  the  building  put  them  in  another  posi- 
tion, we  have  a  case  where  theory  and  practice  do  not  work  together.  I  do  not 
know  whether  this  phase  of  the  subject  has  been  much  considered  by  engineers, 
but  from  my  experience  I  find  that  it  is  one  of  the  most  serious  drawbacks  to 
reinforced  concrete,  and  the  development  on  that  line  seems  to  have  been  over- 
looked except  in  one  particular  case. 

There  has  been  a  great  deal  said  about  deformed  bars.  I  think  the  European 
practice  of  plain  bars  will  be  ere  long  displaced  by  the  later  types  of  bars,  and  we 
will  be  using  deformed  bars  not  only  in  this  country,  but  in  all  countries.  There 
is  no  reason  why  the  deformed  bar  is  not  a  method  of  reinforcement  far  superior 
to  the  plain  bar.  Engineers  seem  to  be  contented  in  making  improvements  in 
deformed  bars,  such  as  the  Johnson  bar,  Thacher  bar,  and  a  number  of  others; 
even  bars  in  which  studs  or  rivets  project  from  the  sides  have  been  used,  so  that 
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The  city  of  Manila,  founded  on  the  Island  of  Luzon  by  Legaspi  in 
1571,  lies  at  the  delta  of  the  Pasig  River  on  the  northeastern  shore  of 
Manila  Bay  and  embraces  a  territory  of  about  twelve  square  miles. 
For  political  purposes  the  city  is  divided  into  thirteen  districts  whose 
limits  are  defined,  for  the  most  part,  by  the  numerous  esteros  or  mouths 
of  the  river.  Near  the  mouth  of  the  river  the  soil  is  a  sandy  deposit 
with  an  admixture  of  clay  overlying  a  bed  of  river  gravel  of  consider- 
able but  varying  depth,  which  imder  the  frequent  severe  earthquake 
shocks  assumes  a  very  dangerous  character.  Proceeding  inland,  the 
soil  becomes  less  sandy  and  a  greater  quantity  of  clay  is  found.  In 
the  northern  and  northeastern  sections,  where  rolling  land  is  encoun- 
tered, the  sand  and  clay  are  combined  in  a  soft  stone  known  as  "  dhobe  " 
or  the  "washerman's"  stone,  which  is  extensively  used  for  building 
purposes,  but  is  extremely  brittle  and  deteriorates  rapidly.  The  aver- 
age elevation  of  85  per  cent,  of  the  area  of  the  city  is  not  greater  than 
12.00  meters.  City  Datum,  the  datum  plane  of  mean  low  water  as 
determined  by  the  United  States  Coast  and  Geodetic  Survey  being 
assumed  at  10.00  meters.  In  this  area  the  land  surface  varies  in  e? 
vation  from  11.25  to  12.75  meters,  and  affords  little  natural  drainp 
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From  the  time  of  the  foundmg  to  the  incorporation  as  a  municipal- 
ity by  the  United  States  Philippine  Commission  in  August,  1901,  the 
development  of  the  city  was  extremely  slow.  The  roadways  were 
rough  and  imclean,  buildings  were  erected  on  no  definite  street  lines, 
and  little  attention  was  paid  to  the  health  or  comfort  of  the  inhabit- 
ants. Large  areas  set  aside  for  public  purposes  (mostly  of  a  military 
character)  were  utterly  neglected  and  acknowledged  as  convenient 
dumping-groimds  for  refuse.  There  was  a  horse  tram  in  operation, 
run  entirely  for  the  inconvenience  of  the  citizens  at  infrequent  inter- 
vals, which  was  endured  until  the  past  year.  A  steam  tram  connects 
the  city  with  the  town  of  Malabon  to  the  northwest.  In  the  year  im- 
mediately preceding  the  American  occupation,  under  the  able  direc- 
tion of  Don  Carlos  de  las  Heras,  a  Spanish  engineer  officer,  who  oc- 
cupied the  office  of  City  Engineer,  a  wise  policy  of  municipal  improve- 
ment was  inaugurated,  but  the  outbreak  of  the  Philippine  insurrection 
and  the  arrival  of  the  American  forces  prevented  the  accomplishment 
of  his  well-laid  plans.  He  attacked  the  subjects  of  street  drainage, 
house  drainage,  and  the  improvement  of  the  esteros,  in  a  masterly 
manner.  He  designed  and  built  to  the  water-line  the  piers  for  a  bridge 
across  the  Pasig  River  which  were  later  used  by  the  Americans  in  the 
construction  of  a  Pratt  truss  bridge,  and  his  scheme  for  the  revision 
of  the  city  lines  has  been  adopted  in  part  by  the  American  engineers. 
It  is  to  his  skill  and  energy  that  Americans  owe  most  of  their  aid  from 
Spanish  sources. 

The  flatness  and  general  low  elevation  of  the  city  require  the  con- 
struction of  a  separate  system  of  sewerage.  Outfalls  for  stormwater 
sewers  are  easy  to  find  on  account  of  the  numerous  esteros,  which  limit 
the  length  of  sewer  runs  to  the  maximum  of  1000  meters.  The  tides 
at  Manila  are  produced  by  two  waves,  one  the  direct  tidal  disturbance 
from  the  Pacific  Ocean,  proceeding  from  the  south  through  the  San 
Bernardino  Straits,  and  the  other  a  retarded  disturbance  from  around 
the  north  end  of  Luzon.  Uniting  at  Manila,  a  very  complex  tidal 
movement  is  produced,  giving  either  one  or  two  high  tides  per  day. 
A  careful  study  of  the  tidal  curves  has  established  the  fact  that  ordin- 
ary low  tide  occurs  at  elevation  10.30  C.  D.,  and  it  has  therefore  been 
determined  to  construct  no  sewers  below  that  elevation,  in  order  that 
fouling  may  be  prevented.  The  heavy  hauling  on  the  streets  requires 
that  a  reasonable  depth  over  the  sewers  should  be  maintained,  and 
the  minimum  of  60  centimeters  has  been  fixed.  It  is  seen,  therefore, 
that  between  elevation  10.30  and  11.40,  on  the  average,  most  sewers 
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must  be  constructed.  Rainfalls  of  intensities  of  3  inches  per  hour 
occur  on  the  average  once  each  year,  but  in  the  sewers  already  designed 
an  intensity  of  2  inches  per  hour  with  75  per  cent,  run-off  has  been 
used.  Under  maximum  rainfall,  therefore,  the  sewers  wW  run  under 
pressure,  and  temporary  flooding  of  the  streets  may  ensue.  This  con- 
cession has  been  made  solely  on  the  score  of  economy,  but  no  evil 
effects  have  been  noted  in  the  case  of  sewers  already  constructed.  The 
high  cost  of  filling  material  has  forced  the  condition  of  flat  gradients, 
but  the  minimum  allowable  curb  grade  has  been  fixed  at  1  in  500  and 
the  minimum  curb  elevation  at  11.50  C.  D.  So  far,  about  50  per  cent, 
of  the 'street  grades  have  been  established  and  sewers  designed,  and 
within  the  present  year  the  designs  will  be  completed.  The  work  of 
sewer  construction  has  commenced,  but  the  lack  of  funds  has  delayed 
the  completion  of  the  work. 

The  house  drainage  of  the  city  has  also  been  considered,  and  a  com- 
prehensive scheme  prepared.  The  estimates  are  based  upon  the  in- 
stallation of  a  pumping  system  mth  a  discharge,  after  several  lifts, 
into  Manila  Bay  about  1000  meters  offshore.  The  outfall  will  lie  at 
the  foot  of  Calle  Azcarrage,  in  the  District  of  Tondo,  ^nd  all  sewage 
will  be  discharged  at  that  point.  The  estimated  cost  of  construction 
is  $2,000,000.  Actual  operations  on  the  installation  of  this  system 
cannot  be  commenced  until  funds  have  been  secured  by  a  bond  issue. 

The  water-supply  is  at  present  obtained  from  the  Mariquina  River 
at  a  point  about  eight  miles  from  the  center  of  the  city,  where  a  pump- 
ing station  with  four  2,000,000-gallon  pumps  (of  which  two  were  as- 
sembled by  Americans)  is  established.  The  water  is  lifted  about  80 
feet  into  a  conduit,  for  the  most  part  in  timnel,  conducted  to  an  under- 
ground reservoir  four  miles  distant,  and  from  that  point  distributed 
to  the  city.  This  system,  placed  in  operation  in  1882,  is  now  inade- 
quate for  the  public  needs.  The  per  capita  consumption  has  increased 
during  American  occupation  from  25  gallons  to  35  gallons  per  day, 
as  a  result  of  the  extensive  street  sprinkling,  the  development  of  the 
city  parks,  and  the  general  introduction  of  sanitary  fixtures.  The 
danger  from  shortage  of  water  during  the  summer  months  has  been 
met  by  the  strict  enforcement  of  the  law  requiring  metered  connec- 
tions, and  by  a  rigid  inspection  of  private  services.  A  new  source 
of  supply  will  be  sought  in  the  upper  reaches  of  the  Mariquina  River 
at  a  point  about  fourteen  miles  northeast  of  the  city,  in  a  direct  line 
from  the  present  reservoir,  where  a  sufficient  storage  to  insure  a  steady 
supply  of  twenty  million  gallons  per  day  may  be  secured.    The  dis- 
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tributing  reservoir  will  be  increased  in  capacity  about  eight  times  by 
the  removal  of  the  roof  and  the  raising  of  the  water-level  about  seven 
meters.  The  water-pressure  in  the  city  will  be  thereby  increased  from 
its  present  maximum  of  twenty-five  pounds  to  a  maximum  of  forty 
pounds,  and  the  supply  made  more  steady.  The  estimated  cost  of 
the  work,  excluding  the  necessary  adjustment  of  the  distributing 
system,  is  $1,500,000.  Since  the  American  occupation  the  distribut- 
ing system  has  been  thoroughly  overhauled,  225  new  post  hydrants 
have  been  set,  and  the  Office  of  Water-Supply  equipped  vnth  modem 
American  tools. 

The  water  is  far  from  good  in  quality  and  was  one  of  the  means  of 
spreading  the  recent  epidemic  of  Asiatic  cholera.  The  amoebsB  of 
dysentery  are  found  in  large  numbers  in  the  water,  as  are  the  germs 
of  typhoid.  Eflforts  are  now  being  made  to  remove  these  amoebae  and 
germs  by  the  addition  of  copper  sulphate  as  a  germicide,  in  the  pro- 
portion of  one  part  sulphate  to  4,000,000  parts  water.  The  experi- 
ments thus  far  conducted  have  not  been  productive  of  direct  results, 
but  it  is  expected  that  within  a  few  months  the  complete  removal  of 
these  organisms  will  be  effected. 

The  street  area  of  the  city  is  approximately  1,500,000  square  meters 
in  extent,  of  which  about  95  per  cent,  is  laid  in  macadam  of  a  very 
unsatisfactory  nature.  The  difficulties  lie  in  the  poor  foimdations  on 
account  of  the  saturated  subsoil,  and  in  the  character  of  the  local 
stone,  which  has  little  binding  qualities  and  wears  unevenly.  Some 
success  has  been  had  with  gravel,  but  only  in  the  less  traveled  streets. 
A  general  thickening  of  the  wearing  surface  has,  however,  decreased 
the  destructiveness  of  the  traffic.  Concrete  curbing  on  the  more  im- 
portant streets  and  regular  sprinkling  have  aided  materially  in  the 
preservation  of  the  road  surface.  Improved  pavements  have  scarcdy 
been  considered  because  of  the  high  cost  of  materials,  but  within 
the  last  year  the  city  has  completed  about  10,000  square  meters 
of  Australian  wood  block  pavement,  which  has  given  satisfaction. 
Three  new  openings  have  been  made  in  the  city  wall  and  one  gate 
widened.  These  improvements  have  markedly  relieved  the  traffic 
congestion  of  the  Walled  City. 

During  the  confusion  attending  the  American  investment  of  the 
city  many  official  records  were  lost,  including  the  city  plan  and  the 
original  sur\'ey  notes,  and  it  was  necessary  to  conmaence  at  once  the 
survey  of  the  city.  Later  the  city  plan  was  recovered  by  purchase 
from  the  person  who  had  removed  it,  but  the  notes  have  never  been 
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found.  Because  of  the  establishment  of  a  Court  of  Land  Registration, 
re-survey  of  the  city  was  soon  commenced,  and  since  1901  has  been 
continued  as  opportunity  has  allowed.  The  effect  of  the  work  is  quite 
noticeable  in  some  districts  in  which  the  streets  are  being  widened 
and  straightened.  New  street  schemes  have  been  approved  for  the 
Districts  of  Santa  Cruz,  Sampaloc,  Paco,  Pandacan,  Ermita,  and  Ma- 
lete,  with  streets  on  the  rectangular  plan.  In  part  the  necessary  field 
work  has  been  completed.  Lines  have  been  established  on  many 
streets  as  requests  for  building  lines  have  been  filed.  In  the  settle- 
ment of  claims  for  damages  for  land  taken  in  street  widening  the  city 
has  wisely  employed  committees  of  arbitration,  which  have  succeeded 
admirably  in  adjusting  the  diflferences  without  delays.  Standard 
street  sections  and  subdivisions  have  been  adopted.  The  following 
rule  is  observed: 

For  streets  less  than  20  M.  wide,  sidewalks  i  width,  roadway  ^  width. 

For  streets  more  than  20  M.  wide,  sidewalks  \  width,  roadway  f 
width. 

The  location  of  underground  structures  on  new  streets  has  been 
fixed,  and  standard  locations  given  to  hydrants,  valves,  inlets,  poles, 
etc.  All  lines  and  grades  for  sewers,  water-pipes,  houses,  and  other 
structures,  are  given  by  instrument. 

Under  the  control  of  the  insular  government  the  harbor  facilities 
are  being  improved.  The  breakwater  built  by  the  Spanish  govern- 
ment has  been  extended  and  strengthened.  An  area  of  about  one-half 
of  one  square  mile  has  been  reclaimed  by  the  construction  of  a  bulk- 
head and  the  filling  of  the  space  in  the  rear  with  dredgings  from  the 
bay.  In  this  area  storehouses  will  be  constructed.  It  is  intended  to 
provide  entrance  to  the  bay  for  vessels  of  30-foot  draft.  Considerable 
danger  arises  from  the  strong  southwest  winds  which  blow  during  the 
typhoon  season,  and  protection  against  these  is  to  be  afforded  by  the 
construction  of  a  breakwater  and  harbor  with  a  wide  entrance  to  offer 
protection  to  sailing  vessels.  Inter-island  steamers  of  14  feet  draft 
can  now  enter  the  Pasig  River  to  the  Bridge  of  Spain,  and  launches 
of  6  feet  draft  can  pass  to  the  Laguna  de  Bay,  a  large  fresh-water  lake 
some  fifteen  miles  from  the  river's  mouth.  A  portion  of  the  city  wall 
along  the  river  has  been  removed  and  a  wall  is  under  construction  for 
the  accommodation  of  the  inter-island  shipping. 

The  transportation  facilities  of  the  city  have  developed  rapidly. 
The  Pratt  truss  bridge  over  the  Pasig  and  the  new  openings  in  the 
city  wall  have  been  mentioned.    The  firm  of  J.  G.  White  &  Co.  of 
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New  York  has  almost  completed  an  overhead-trolley  tramway  s>'s- 
tem  with  some  12  to  15  miles  of  track,  and  has  announced  that  on 
March  1st  the  road  would  be  thrown  open  to  business.  The  streets 
will  then  be  relieved  of  the  greater  portion  of  the  vehicle  traflSc.  The 
city  has  under  contract  two  bridges,  one  a  steel  Pratt  truss  over  the 
Pasig  to  replace  the  overtaxed  Ayala  bridge,  and  the  other  a  steel 
lift  bridge  across  the  Estero  de  Binondo  to  furnish  a  direct  outlet  to 
the  water  front  and  Customs  House.  Plans  are  also  under  considera- 
tion for  the  construction  of  a  modem  bridge  over  the  Pasig  below  the 
Bridge  of  Spain,  which  ancient  structure  is  in  a  more  or  less  danger- 
ous condition  and  usually  ordered  closed  during  high  floods. 

Hauling  for  the  city  is  managed  by  the  municipal  authorities.  The 
stock  consists  of  350  head  of  animals — ^American  and  Chinese  horses 
and  mules  and  native  ponies.  The  harness,  wagons,  and  general  equip- 
ment are  of  American  manufacture  and  are  in  prime  condition.  Ap- 
parently the  greatest  success  with  animal  transportation  is  attained 
with  American  mules.  These  animals  eat  less,  work  more,  are  stur- 
dier, and  resist  surra,  glanders,  and  rinderpest,  better  than  even  the 
native  stock.  The  Office  of  Water-Supply  operates  a  road  locomotive 
of  15  tons  dead  weight,  and  a  train  of  four  cars  of  20  tons  nominal 
carrying  capacity,  for  the  hauling  of  coal  and  heavy  materials  to 
the  pumping  station.  The  Office  of  Streets  employs  two  powerful 
steam  launches,  and  30  barges  of  about  25  C.  M.  capacity,  in  the  de- 
livery of  road  material  from  the  city  quarry  in  the  Laguna  de  Bay. 

The  main  streets  are  sprinkled  daily  (in  the  more  important  sec- 
tions by  sprinkling  wagon,  and  in  the  lesser  important  by  hose  or 
sprinkling  can)  at  least  twice  during  the  heated  term  from  April  until 
July,  and  during  the  remainder  of  the  year  as  occasion  demands.  The 
sprinkling  equipment  consists  of  18  four-horse  wagons  of  a  combined 
capacity  of  about  14,000  gallons.  Because  of  the  wastage  of  water  and 
the  destruction  of  road  surface  by  hose  sprinkling,  combined  with  heavy 
labor  cost,  the  territory  of  wagon  sprinkling  is  being  rapidly  extended. 
Great  assistance  has  been  rendered  by  the  new  crane  post  hydrants, 
from  which  the  tanks  are  rapidly  and  economically  filled. 

The  park  area  of  the  city  is  small,  but  the  grounds  are  in  excellent 
condition.  The  intense  heat  and  the  long  continuance  of  the  dry 
season  offer  serious  obstacles  to  the  development  of  parks  of  large 
extent,  and  it  is  my  belief  that  the  park  area  must  be  confined  to  small 
breathing  spots.  It  is  the  intention  of  the  United  States  Philippine 
Commission  to  develop  a  general  system  of  parks  and  boulevards. 
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and  to  that  end  the  services  of  Mr.  Bumham  of  Chicago  have  been 
sought.  A  well-digested  scheme  such  as  this  will  serve  to  make  Manila 
the  peer  of  any  city  in  the  East. 

It  is  in  its  cleanness,  however,  that  Manila  stands  preeminent. 
Under  the  Spanish  r^me  there  existed  no  scavenger  department 
worthy  the  name,  and  the  street  dogs  were  fat  and  plentiful.  At  one 
time  considerable  inconvenience  and  danger  attended  walking  on  the 
streets  in  the  early  hours  of  the  morning,  as  liquids  of  a  doubtful 
nature  and  the  remnants  of  the  previous  night's  meal  were  liable  to 
arrange  themselves  on  one's  clothing.  The  filth  of  generations  was 
collected  in  dark  comers,  and  privy-vaults  of  great  size,  uncleaned  for 
years,  discharged  their  filth  into  the  courts  and  even  into  the  high- 
ways. The  soil  was  poisoned  with  these  discharges  and  a  general 
state  of  sickness  followed  upon  excavations.  The  collection  of  gar- 
bage was  practically  a  failure,  and  the  parks  were  used  as  public 
toilets.  Through  the  determined  action  of  the  city  and  the  Board  of 
Health,  buildings  have  been  cleaned,  offensive  vaults  directed  to  be 
filled  or  made  tight,  and  sanitary  fixtures  ordered  in  the  larger  houses 
and  hotels.  The  introduction  of  sanitary  fixtures  has  increased  the 
consumption  of  water,  but  has  been  the  means  of  preventing  or  les- 
sening the  spread  of  tropical  diseases.  Cholera  is  rare  and  the  spread 
of  bubonic  plague  completely  checked.  Beri-beri  and  leprosy  are 
rare  except  among  the  natives,  and  the  general  health  is  fair.  As 
before  remarked,  amoebic  dysentery  is  very  prevalent,  but  this  will 
surely  be  controlled.  Smallpox,  formerly  an  annually  recurring  dis- 
ease, is  no  longer  a  serious  danger,  except  to  those  unvaccinated.  A 
plan  for  the  drainage  of  the  lowlands  and  marshes  of  the  city  is  being 
considered,  and  petroleum  is  being  placed  in  the  haunts  of  the  mos- 
quito of  malaria. 

Garbage  is  now  collected  every  day  after  nightfall  from  tight  cans, 
which  owners  are  required  to  place  in  definite  positions  in  front  of 
their  properties,  and  removed  by  cart  to  two  crematories,  one  of  40 
tons  nominal  capacity  on  the  south  side  of  the  Pasig,  and  the  other, 
— a  Morse-Boulger  of  American  make, — designed  to  digest  120  tons, 
on  the  north  side.    This  latter  does  not  operate  to  its  maximum,  due 
to  the  peculiar  character  of  the  Manila  garbage,  which  consists  for 
the  most  part  of  leaves,  branches  of  trees,  and  the  parings  of  friT*" 
with  practically  no  dry  paper  or  rags.    Considerable  difficulty  att 
the  burning,  particularly  in  the  wet  season,  and  the  capacity  c 
plant  is  much  reduced  at  that  time.    In  ordinary  weather  fro 
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to  100  tons  of  normal  garbage  can  be  consumed.  The  city  is  seriously 
considering  the  erection  of  a  large  plant  on  the  south  side  of  the  river 
to  equalize  the  burning  and  to  reduce  haul. 

Street  sweepings  are  carefully  preserved  and  classified.  Horse  drop- 
pings are  spread  in  the  parks  and  ordinary  sweepings  used  for  filling. 
Large  areas  of  low-lying  public  lands  and  dry  water-courses  have  be«i 
reclaimed  by  filling  of  this  kind. 

Where  it  is  not  possible  to  discharge  house  wastes  into  water-courses 
or  sewers,  the  pail  conservancy  system  is  employed.  Collections  of 
used  pails  with  covers  screwed  down  are  made  each  evening  after 
simdown,  and  clean  pails  left.  The  pails  are  hauled  to  a  central  station 
on  the  Pasig  River,  below  the  Bridge  of  Spain,  and  the  contents  dumped 
into  the  tanks  of  a  steel  barge  through  hoppers  with  automatic  flap 
valves.  The  pails  are  washed  at  the  time  of  dumping  by  a  powerful 
spray  of  water  in  the  hopper,  and  afterward  disinfected  with  carbolic 
acid.  Each  day  the  barge  steams  to  sea,  and  at  a  distance  of  about 
fifteen  miles  from  shore  is  discharged  through  side  doors.  The  ad- 
ministration of  the  Bureau  of  Street  cleaning,  transportation,  and 
refuse  disposal,  is  given  to  Mr.  John  C.  Mehan,  formerly  of  the  same 
bureau  in  Havana,  and  it  is  the  most  perfect  organization  in  the 
Philippine  Islands. 

I  have  but  lightly  touched  upon  the  many  improvements  which 
the  American  Government  has  effected  within  its  short  existence,  but 
there  has  been  enough  said  to  show  that  there  has  been  no  idleness. 
When  it  is  considered  that  practically  all  of  this  work  has  been  done 
since  the  fall  of  1901,  the  results  are  truly  astoimding.  There  have 
been  serious  engineering  difficulties  to  overcome,  but  it  must  be  re- 
membered also  that  there  have  been  present  the  peculiar  differences 
in  language,  sentiment,  and  customs.  Besides  the  works  of  a  purely 
engineering  nature,  the  Government  has  accomplished  the  oi^ganiza- 
tion  of  a  fire  department  of  six  companies,  equipped  with  the  lat^t 
type  of  ladder  trucks,  engines,  hose  wagons,  harness,  and  life-8a\ing 
apparatus,  and  has  installed  an  electric  police  and  fire-alarm  s>'stem. 
The  police  department  has,  by  excellent  organization,  made  the  no- 
toriously bad  surroundings  of  Manila  absolutely  safe.  The  public 
schools  have  also  assisted  in  the  work  of  improvement  by  encouraging 
in  the  natives  an  interest  in  public  affairs,  and  the  whole  Filipino 
people  have  benefited  by  the  lesson  of  Manila.  As  Americans  we 
may  be  justly  proud  of  these  our  first  real  efforts  in  the  development 
of  a  tropical  colony. 
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DISCUSSION. 

In  reply  to  numerous  questions  the  following  additional  facts  and  data  were 
contributed  by  Mr.  Dieck:. 

The  widths  of  the  American  streets  are  from  ten  meters  upwards,  but  the 
Spanish  streets  vary  from  three  or  four  meters  to  ten  or  twelve,  the  average 
being  perhaps  eight.  There  is  on  this  account  great  difficulty  in  controlling 
fires,  though  they  seldom  occur.  The  minimum  width  of  projected  streets  is 
fifteen  meters.  The  main  street  is  twenty-five  meters.  The  houses  do  not  have 
projecting  steps;  if  the  floor  is  above  the  surface,  the  steps  are  inside  the  house. 

The  undergroimd  reservoir  was  excavated  from  the  live  rock  entirely  by  pick. 
The  rock  is  soft,  of  course,  but  the  achievement  by  hand  labor  was  a  great  one. 
No  mortar  was  used  except  in  some  places  where  slides  occiured.  The  roof  is 
cut  into  groined  arches,  the  supporting  pillars  being  about  five  meters  high  from 
floor  to  springing  line.  The  floor  is  paved  with  tiles.  During  the  siege  of  the 
city,  several  American  shells  dropped  in  through  the  roof,  and  the  holes  have 
been  repaired  with  concrete. 

The  main  water-pipe  line  is  a  26-inch  main.  A  severe  flood  caused  a  portion 
of  it  to  move  down-hill,  producing  a  bulge  in  the  line.  This  portion  was  raised 
and  supported  on  concrete  piers — one  under  each  bell  of  the  joints.  The  rain- 
fall over  Manila  during  this  flood  was  17.19  inches  in  thirty-six  hours.  At  the 
point  where  the  pipe  was  dislodged  the  water  was  about  six  feet  deep  and  flowed 
over  the  pipe  at  a  speed  of  about  fifteen  miles  per  hour.  About  300  feet  of  the 
pipe  was  pushed  laterally  seven  feet,  but  no  water  was  lost  and  no  damage  was 
done  to  the  pipe,  which  carries  about  25  pounds  pressure.  The  joints  of  the 
pipe  were  made' with  lead  and  were  about  twenty-five  years  old,  and  had  during 
that  time  received  only  passing  attention.  The  bells  are  about  4  inches  deep, 
giving  about  2^  inches  of  lead.  Some  of  the  joints  pulled  out  as  much  as  }  inch» 
but  there  was  absolutely  no  leakage.     The  pipe  was  English  made. 

Traction  engines  were  used  to  carry  coal  and  build  roads.  We  did  a  great 
deal  of  work  with  them,  but  the  operation  was  not  entirely  satisfactory.  The 
preliminary  estimates  were  that  the  cost  would  be  about  25  cents  per  ton  mile, 
but  I  do  not  know  the  actual  cost. 

The  old  sewer  shown  in  the  views  takes  the  drainage  of  about  one  square  mile 
of  territory.  It  was  very  close  to  the  surface.  The  arch  of  it  was  laid  up  in 
mud  mortar  and  the  invert  without  mortar.  We  found  twenty-seven  holes  in 
a  distance  of  300  feet.  Most  of  these  holes  had  been  filled  with  keystones  ex- 
tending eight  or  ten  inches  down  into  the  sewer.  We  repaired  the  sewer  in  places 
by  spreading  about  five  inches  of  concrete  on  the  top  in  the  reinforced  parts,  and 
where  necessary  we  rebuilt  the  arch  to  a  thickness  of  nine  inches.  The  inside 
of  the  sewer  and  the  bottom  were  run  with  cement  mortar  in  a  1  to  4  mixture 
and  a  very  neat  job  made. 

Another  Spanish  sewer  on  the  Escolta — age  unknown — was  giving  simi! 
trouble,  and  upon  uncovering  it  the  whole  structure  fell  in.     It  was  rebuilt 
concrete  in  basket-handle  form  about  34  inches  wide  in  clear,  from  invert  to  spri 
ing  line  about  24  inches,  and  the  invert  is  a  circular  arc  about  three  inches  de 
Average  tide  is  about  three  feet  and  the  maximum  tide  is  from  four  to  five  U 


220  Dieck — Engineering  Development  of  Manila. 

The  houses  have  no  cellars  and  many  are  built  on  stilts.  The  soil  is  sand  and 
gravel. 

The  Spaniards  construct  their  buildings  altogether  of  native  stone,  but  the 
Americans  are  trying  to  build  ever3rthing  more  cheaply.  Brick  is  made  there, 
but  is  expensive  and  is  not  used  for  paving. 

The  views  show  the  first  street  built  on  American  lines.  It  has  concrete  curbs 
and  the  gutters  are  laid  with  China  stone  to  facilitate  the  flow  of  water  on  the 
famous  grade  of  1  to  500.  The  native  stone  is  expensive  and  not  very  satis- 
factory. The  cement  generally  used  is  made  in  Hong  Kong  and  is  not  as  good 
as  American  Portland,  which  costs  there  about  $2.50  p)er  barrel. 

The  views  show  also  the  new  building  for  the  Government  laboratories.  It 
is  a  magnificent  structure  costing  $110,000,  equipped  with  the  most  modem  in- 
struments and  devices  for  investigating  all  kinds  of  diseases. 

Also  one  of  the  companies  of  the  American  Fire  Department,  fully  equipped. 

Also  a  new  gate  cut  through  the  city  wall.  The  American  style  of  architecture 
does  not  accord  well  with  the  Spanish  wall. 

The  old  city  of  Manila  is  completely  walled.  It  has  an  area  of  about  one-half 
square  mile  and  the  wall  is  about  two  miles  long.  The  stone  is  soft,  and  it  is 
common  to  see  walls  where  the  stone  has  disintegrated  and  broken  away,  leaving 
the  mortar  joints  projecting.  Some  portions  of  the  wall  are  250  years  old.  It 
is  20  feet  thick  at  the  top  and  30  feet  thick  at  the  base.  There  are  outworks  and 
embrasures  for  artillery.  In  many  places  the  walls  have  vaults  under  them 
which  had  been  used  for  prisons,  arsenals,  and  magazines. 

There  are  a  number  of  waterfalls  within  reach  of  the  city,  any  one  of  which 
would  be  sufficient  to  furnish  power,  and  the  Government  is  thinking  of  develop- 
ing them.     The  natives  have  made  no  use  of  them. 

The  islands  are  a  timber  country,  but  the  lumber  is  so  hard  that  it  costs  as 
much  to  saw  it  as  it  is  worth.  American  third-class  lumber  there  was  worth, 
if  I  remember  correctly,  about  $20  p)er  thousand,  and  native  lumber  sawed  about 
$60  to  $100.  It  is  very  tough.  I  have  seen  a  piece  4  inches  squaro  sawed 
with  a  circular  saw  revolving  at  high  speed,  and  it  actually  took  fifteen  minutes 
to  get  through  it,  and  the  saw  had  to  be  stopped  twice  to  cool  ofif.  This  is  the 
case  with  green  lumber,  and  it  seems  to  be  always  green;  it  is  very  rarely  that 
you  can  get  a  piece  of  seasoned  wood.  Fine  band  saws  will  not  go  through  the 
wood.  It  is  very  durable — I  have  seen  sticks  that  have  been  in  the  ground  for 
forty  years  without  apparent  deterioration.  The  woods  are  very  dense  and  many 
will  not  float  in  water.     Rafts  of  such  must  be  floated  with  bamboos. 

The  population  of  Manila  was  at  last  count  215,000,  about  55,000  of  whom 
live  on  boats. 

The  temperature  in  December  and  January  is  about  65®  at  sunrise  and  80** 
at  noon.  In  April,  May,  and  June,  which  are  the  hottest  months,  it  is  about 
85**  in  the  morning  and  100®  at  noon.  The  humidity  in  these  months  is  about 
80  per  cent.  The  air  is  quite  hiunid  at  all  times.  The  rainy  season  is  from  the 
middle  of  Jime  to  the  middle  of  January,  but  principally  from  July  to  Novem- 
ber. It  does  not  rain  all  that  time,  but  most  of  the  rain-storms  occur  during 
that  period.     Other  periods  of  the  year  are  practically  dry. 

The  metric  system  of  weights  and  meastires  is  in  general  use  there.  It  wa» 
adopted  by  the  American  administration  because  all  the  old  records  were  in  it. 
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and  much  difficulty  was  found  in  the  use  of  American  tapes  graduated  in  feet 
and  inches.  We  foimd  the  metric  system  very  convenient  and  I  have  learned 
to  think  in  meters. 

The  city  is  lighted  by  electricity — both  arc  and  incandescent — ^installed  by 
the  Spaniards. 

The  fuel  mostly  used  is  coal  from  Australia  and  Japan.  Some  wood  is  also 
used.  Soft  coal  from  Australia  costs  about  $6.25  per  ton.  Japanese  coal  con- 
tains a  great  deal  of  sulphur  and  is  undesirable  for  some  purposes. 
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Paper  No.  1006. 

MERCURY  ARC  RECTIFIER. 

E.   P.    COLES. 
Bead  March  18.  1905. 

There  are  some  uses  of  electricity  for  which  the  direct  current 
alone  can  be  used,  prominent  among  which  is  the  charging  of  storage 
batteries,  and  in  many  cases  only  alternating  current  is  available. 
In  order  to  get  direct  current  from  the  alternating  current  there  are 
several  methods  which  may  be  resorted  to — either  a  motor-generator 
set,  or  a  rotary  transformer,  or  this  mercury  arc  rectifier  which  I 
will  show  you  in  operation  a  little  later.  The  principle  of  this  recti- 
fier is  this:  The  body  is  a  glass  tube  with  as  nearly  a  perfect  vacuum 
as  can  be  made,  and  there  is  mercury  in  the  bottom  of  it.  The 
anodes  A  have  the  alternating  current  attached  to  them;  the  cathode 
B  is  at  the  bottom,  and  from  this  proceeds  the  positive  side  of  the 
direct  current.  The  negative  side  of  the  direct  current  is  derived 
from  the  middle  point  of  a  reactance  C  which  is  connected  between 
the  two  terminals  (anodes).  The  principle,  roughly,  on  which  this 
works  is  that  in  the  vapor  of  mercury  which  is  generated  in  this  tube 
the  alternating  current  can  only  pass  in  one  direction,  and  as  a  con- 
sequence one  alternation  passes  in  from  one  direction,  the  other  al- 
ternation from  the  opposite  direction,  and  each  in  turn  is  rectified, 
or  converted  into  direct  current,  and  passes  from  the  cathode.  Anode  C 
is  merely  for  starting  purposes,  and  when  the  rectifier  is  started  it  is 
slightly  tipped,  so  as  to  make  a  mercury  arc  between  C  and  B,  and 
then  it  is  brought  back  to  the  ordinary  position,  and  that  starts 
the  mechanism  in  operation.  The  anodes  are  simply  connected 
through  platinum  wire  to  a  carbon  contact,  and  the  same  way  on  the 
cathode  and  the  starting  anode.  The  direct  current  potential  can 
be  varied  to  suit  the  requirements,  by  changing  the  connections  of 
the  reactance,  and  this  is  done  by  a  switch  on  the  board. 
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Connections  of  Mkrcurt  Arc  RBcriPicit. 
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Paper  No.  1007. 

REINFORCED  CONCRETE— SOME  OF  ITS  PRINCIPLES.  WITH 
PRACTICAL  ILLUSTRATIONS. 

WALTER  LORING  WEBB. 

Head  March  18,  1905. 

Economics. 
The  justification  of  the  use  of  reinforced  concrete  is  usually  based 
on  some  one  or  all  of  three  conditions.  First,  under  some  circum- 
stances it  is  actually  more  economical  than  any  other  rational  method 
of  construction.  Secondly,  there  are  cases  where  it  is  almost  the 
only  practicable  method  of  construction.  Thirdly,  there  are  cases 
where  it  is  simply  preferable.  It  is  not  very  easy  to  demonstrate 
the  economy  of  this  method  except  by  comparative  cost  in  individual 
cases,  but  an  approach  to  a  systematic  comparison  may  be  made  as 
follows:  A  cubic  foot  of  steel  weighs  490  pounds.  Assume  as  an  aver- 
age price  that  it  can  be  bought  and  placed  for  4.5  cents  per  pound. 
The  steel  will  therefore  cost  $22.05  per  cubic  foot.  On  the  basis  that 
concrete  may  be  placed  for  $6.00  per  cubic  yard,  the  concrete  will 
cost  22  cents  per  cubic  foot,  which  is  1  per  cent,  of  the  cost  of  the 
steel.  Therefore,  on  this  basis,  if  it  is  necessary  to  use  as  reinforce- 
ment an  amount  of  steel  whose  volume  is  in  excess  of  1  per  cent,  of 
the  additional  concrete  which  would  do  the  same  work,  there  is  no 
economy  in  the  reinforcement,  even  though  the  reinforcement  is  jus- 
tified on  account  of  the  other  considerations.  Assuming  500  poimds 
per  square  inch  as  the  working  compressive  strength  of  concrete,  and 
16,000  poimds  as  the  permissible  stress  in  steel,  it  requires  3.125  per 
cent,  of  steel  to  furnish  the  same  compressive  stress  as  concrete.  On 
the  above  basis  of  cost,  the  compression  is  evidently  obtained  much 
more  cheaply  in  concrete  than  in  steel — ^in  fact,  at  less  than  one-third 
of  the  cost.  On  the  other  hand,  even  if  we  allow  50  pounds  per  square 
inch  tension  in  the  concrete  and  16,000  pounds  in  the  steel,  it  only 
requires  0.31  per  cent,  of  steel  to  furnish  the  same  strength  as  the 
concrete,  which  shows  that,  no  matter  what  may  be  the  variation 
in  the  comparative  price  of  concrete  and  steel,  steel  always  furnishes 
tension  at  a  far  cheaper  price  than  concrete,  on  the  above  basis,  at 
less  than  one-third  of  the  cost.    The  practical  meaning  of  this  is,  on 
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the  one  hand,  that  a  beam  composed  wholly  of  concrete  is  usually 
inadvisable,  since  its  low  tensile  strength  makes  it  uneconomical,  if 
not  actually  impracticable,  for  it  may  be  readily  shown  that,  beyond 
a  comparatively  short  span,  a  concrete  beam  will  not  support  its  own 
weight.  On  the  other  hand,  on  account  of  the  cheaper  compressive 
stress  furnished  by  concrete,  an  all-steel  beam  is  not  so  economical 
as  a  beam  in  which  the  concrete  furnishes  the  compressive  stress  and 
the  steel  furnishes  the  tensile  stress.  This  statement  has  been  ver\' 
frequently  verified  when  comparing  the  cost  of  the  construction  of 
floors  designed  by  using  steel  I-beams  supporting  a  fireproof  concrete 
floor,  and  that  of  a  concrete  floor  having  a  similar  floor  slab  but  mak- 
ing the  beams  as  T-beams  of  reinforced  concrete. 

Another  instance  of  the  actual  economy  of  this  method  of  construc- 
tion is  furnished  by  a  recent  design  for  a  retaining  wall.  The  wall 
was  to  be  14  feet  in  height  and  the  design  was  for  a  skeleton  reinforced 
concrete  construction.  It  has  a  base  plate  of  the  requisite  ^idth,  so 
that  the  center  of  pressure  of  the  base  will  be  properly  located.  But- 
tresses which  run  back  into  the  embankment  at  proper  intervals  are 
connected  with  the  base  plate,  while  the  face  of  the  wall  between  the 
buttresses  has  only  such  thickness  as  is  required  to  withstand  the 
bursting  pressure  developed  between  each  pair  of  buttresses.  The 
whole  structure  is  reinforced  with  steel  so  as  to  take  up  all  the  tensile 
stress  which  may  be  developed  in  any  part  of  the  wall.  The  cross- 
section  of  this  wall  has  an  average  value  of  25.44  square  feet,  which 
is  the  equivalent  of  25.44  cubic  feet  per  linear  foot  of  wall.  A  wall 
of  rubble  masonry  was  designed  by  well-known  railroad  engineers  for 
this  same  location.  This  wall  had  a  cross-section  of  80.45  square  feet. 
On  the  basis  of  25  cents  per  cubic  foot,  or  $6.75  per  cubic  yard,  each 
linear  foot  of  the  rubble  wall  would  cost  $20.12.  Of  course,  the  unit 
price  of  the  concrete  wall  is  considerably  higher,  but  its  volume  is 
but  little  over  30  per  cent,  of  the  volume  of  the  stone  wall.  In  this 
particular  case  an  estimate  for  this  wall  at  the  rate  of  40  cents  per 
cubic  foot  as  measured  in  place  was  obtained  from  a  reliable  con- 
tractor, the  estimate  including  the  steel  and  all  other  items  of  con- 
struction except  mere  excavation,  which  was  not  included  in  the  first 
estimate.  The  concrete  wall  would  therefore  cost  $10.16  per  linear 
foot,  which  is  practically  one-half  of  that  of  the  stone  wall.  Many 
other  illustrations  could  be  given  where  reinforced  concrete  construc- 
tion is  the  cheapest  that  gives  a  permanent  structure. 

As  an  instance  of  the  second  class  of  structures,  viz.,  those  in  which 
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reinforced  concrete  is  almost  the  only  practicable  method  of  construc- 
tion, the  following  case  is  given.  It  was  required  to  construct  a  re- 
taining wall  with  a  height  of  36  feet  above  the  rails  of  a  sunken  track 
where  the  right-of-way  was  absolutely  limited  to  a  width  that  gave 
10  feet  from  the  right-of-way  line  to  the  clearance  line  for  the  tracks. 
The  wall  was  designed  to  have  its  base  42  feet  below  the  top.  Of 
course,  10  feet  is  too  small  a  base  for  a  42-foot  retaining  waU.  The 
only  possible  solution  appeared  to  be  some  provision  by  \i4iich  the 
toe  of  the  wall  could  extend  underneath  the  track.  Of  course,  such 
a  construction  in  stone  masonry  or  even  in  plain  concrete  would  be 
an  utter  impossibility,  since  it  would  inevitably  break  at  the  angle 
at  the  base.  A  structure  of  concrete  and  steel  in  which  the  trans- 
verse stress  at  the  lower  angle  of  the  wall  is  resisted  by  the  horizontal 
steel  bars  in  the  base,  with  the  very  considerable  pressure  of  the  earth 
on  the  base  plate  behind  the  face  wall,  accomplished  all  that  is  de- 
sired. The  resultant  line  of  pressure  is  within  the  middle  third  of 
the  base,  while  the  maximum  intensity  of  pressure  on  the  subsoil  was 
computed  to  be  about  6400  pounds  per  square  foot.  As  the  subsoil 
is  a  very  firm  gravel  this  pressure  is  a  perfectly  safe  one,  but  if  it  had 
been  found  that  the  soil  was  less  reliable  it  would  have  been  a  com- 
paratively simple  matter  to  enlarge  the  foundation  as  much  as  neces- 
sary. Of  course,  the  conditions  of  this  problem  were  very  peculiar 
and  unusual,  and  it  illustrates  what  can  be  done  under  such  circum- 
stances. 

Since  the  above  was  written  the  ''Engineering  News,"  in  its  issue 
of  March  9th,  page  262,  published  an  interesting  account  of  a  wall 
constructed  by  the  Great  Northern  Railway  Company  at  Seattle, 
Washington.  The  wall  is  over  40  feet  from  base  to  top  at  the  high^t 
point,  varying  from  this  maximum  to  nearly  zero.  The  economy 
of  the  design  in  comparison  with  a  wall  in  plain  concrete  was  com- 
puted. There  was  shown  to  be  a  saving  of  20.4  per  cent,  for  a  wall 
10  feet  high  and  of  45  per  cent,  for  a  wall  40  feet  high.  But  in  this 
case  there  was  no  question  of  limitation  of  the  base  of  the  footing 
behind  the  face  of  the  wall,  and  therefore  no  necessity  of  extending 
the  toe  of  the  wall  imder  the  tracks. 

The  third  class  of  structures,  viz.,  those  in  which  reinforced  con- 
crete is  simply  preferable,  may  be  illustrated  by  the  very  simple  case 
of  fireproof  floors.  One  of  the  compensations  of  the  Baltimore  fire 
was  its  demonstration  of  the  fact  that  a  concrete  floor  when  propeiiy 
made  approaches  the  ideal  by  being  more  nearly  absolutely  fireproof 
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than  any  other  flooring  material.  It  has  been  frequently  stated  that 
since  concrete  is  formed  by  the  crystallization  of  a  compound  contain- 
ing water,  it  only  requires  heat  to  drive  off  the  water  and  render  the 
whole  structure  worthless  from  a  structural  standpoint.  In  one  sense 
this  is  true,  provided  the  heat  is  suflScient;  but  the  Baltimore  fire 
proved  that  even  with  the  very  excessive  degree  of  heat  which  was 
developed  during  that  fire,  the  effect  of  such  heat  on  a  concrete  floor 
was  merely  to  calcine  the  lower  layer  of  concrete  to  a  depth  varying 
from  i  inch  to  1  inch.  After  such  calcination  occurred,  this  layer 
of  heat-resisting  material  proved  to  be  such  a  thorough  protection 
that  the  concrete  above  it  was  uninjured,  and  considering  that  the 
concrete  that  Ues  above  the  axis  of  the  reinforcement  is  the  only  por- 
tion which  is  considered  in  calculating  the  strength,  and  also  con- 
sidering that  an  inch  or  two  of  concrete  is  always  placed  below  the 
steel  reinforcement,  even  the  destruction  of  an  inch  of  concrete  on 
the  lower  side  of  a  concrete  slab  will  not  impair  its  structural  strength. 
After  such  a  fire,  the  injured  material  may  be  scraped  off,  so  far  as 
it  is  loose,  and  another  protecting  layer,  which  is  only  put  on  for  pro- 
tection and  not  for  structural  strength,  can  be  added. 

Another  very  satisfactory  use  of  reinforced  concrete  is  in  the  con- 
struction of  roof  slabs  for  fireproof  buildings.  The  author  has  re- 
cently constructed  a  factory  and  boiler  house  entirely  of  concrete. 
Even  the  side  walls  were  built  of  hollow  concrete  blocks.  The  floors 
are  of  concrete,  the  roof  slab  of  concrete,  and  even  the  stairs  are  made 
of  concrete.  The  boiler  house  has  a  roof  with  a  clear  span  of  30  feet 
formed  by  placing  a  4-inch  slab  on  concrete  beams  stretchiog  across 
the  span  of  30  feet.  The  beams  have  a  depth  of  13i  inches  imder 
the  slab  and  a  width  of  7f  inches.  They  are  spaced  6  feet  2i  inches 
apart.  The  slab  is  reinforced  by  i-inch  bars  spaced  16  inches  apart. 
Only  a  few  weeks  after  the  roof  was  in  place  and  before  the  concrete 
had  attained  anything  like  its  full  strength  a  very  imexpected  and 
unintentional  test  of  the  roof  occurred.  A  steel  stack  was  being 
erected,  the  stack  being  put  into  place  by  means  of  a  derrick.  The 
derrick  broke,  a  large  gin-pole  was  broken  in  three  pieces,  the  stack 
crumpled  up,  and  the  whole  mass  of  wreckage  fell  on  this  roof.  No 
injury  whatsoever  was  done  to  the  roof. 

Plain  Bars  vs.  *' Formed"  Bars. 
The  term  '* formed"  bar  is  here  used  as  a  generic  term  to  d 
any  style  of  bar  which  is  not  prismatic.    A  prismatic  bar  de 
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on  adhesion  of  friction  for  the  union  of  the  concrete  and  the  sted. 
A  *' formed"  bar  has  shoulders,  lugs,  twists,  swellings,  or  irregulari- 
ties which  not  only  more  or  less  effectively  prevent  the  loosening  erf 
the  adhesion  by  varying  the  planes  of  adhesion  and  thus  varying  the 
direction  of  the  forees  which  will  most  probably  loosen  the  adhesion, 
but  they  even  call  into  play  the  shearing  strength  of  the  concrete  be- 
fore the  rod  can  be  pulled  through  it,  even  if  the  adhesion  be  destroyed. 
Much  experimenting  has  been  done  to  determine  the  adhesion  of 
concrete  to  steel.  It  has  been  found  that  when  the  steel  is  clean  con- 
crete will  adhere  to  it  with  an  adhesion  which  is  equal  to  the  strength 
of  the  bar  when  the  length  is  approximately  12  to  20  diameters.  Un- 
fortunately the  adhesion,  as  determined  by  such  tests  made  shortly 
after  the  specimens  were  formed,  has  been  shown  to  lack  permanency. 
This  may  be  due  to  one  of  three  causes.  First,  the  adhesion  may  be 
loosened  by  vibration  in  the  structure — such  a  vibration  as  will  occur 
in  a  railroad  bridge  or  in  a  factory  employing  very  heavy  machinery. 
Second,  some  cases  in  which  the  concrete  was  foimd  to  have  loosened 
were  explained  on  the  ground  that  water  which  had  soaked  through 
the  concrete  had  made  some  chemical  change  in  the  concrete  im- 
mediately adjoining  the  steel  which  was  suflScient  to  loosen  the  ad- 
hesion. Third,  it  is  reasonable  to  say  that  when  the  structure  is 
stressed  to  its  full  load  (and  especially  if  it  should  accidentally  be 
stressed  beyond  its  designed  load)  the  stretching  of  the  bar  must  be 
accompanied  by  a  proportionate  reduction  in  its  cross-section.  Evi- 
dently the  concrete  will  be  imable  to  contract  so  as  to  retain  its  con- 
tact with  the  steel,  and  therefore  the  steel  must  separate  from  the 
concrete.  Probably  the  number  of  applications  of  a  given  load  will 
have  a  marked  effect  on  this,  and  it  would  be  foimd,  after  apphong 
a  load  a  very  great  number  of  times  (say  1,000,000),  that  loosening 
might  take  place  even  though  no  evidence  of  such  loosening  would 
occur  by  the  application  of  that  same  load  a  few  times.  An  instance 
of  this  sort  occurred  in  a  building  erected  in  St.  Louis  about  ten  years 
ago.  A  6-inch  concrete  slab  carrying  a  heavy  floor-load  was  sup- 
ported by  steel  I-beams  spaced  about  8  feet  apart.  The  concrete 
was  reinforced  by  1  J-inch  by  i-inch  bars  or  straps  which  were  hooked 
over  the  I-beams  and  dropped  down  on  a  curve  toward  the  bottom 
of  the  concrete  slab  in  the  middle  of  the  span.  The  floor  safely  car- 
ried a  heavy  floor-load  for  about  eight  years.  Then  several  panels 
began  to  yield.  The  floor*sagged  H  inches  in  the  middle,  which  on 
an  8-foot  span  gave  a  very  unsightly  and  unsafe  appearance  to  the 
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floor.  One  or  two  panels  caused  so  much  anxiety  that  they  were 
knocked  out  entirely.  It  was  at  once  observed  that  the  concrete 
peeled  off  the  bars,  and  it  was  plainly  evident  that  the  adhesion-  be- 
tween the  bars  and  the  concrete  had  been  destroyed,  the  load  then 
being  carried  by  the  hog-chain  action  of  the  straps.  It  should  be 
noted  in  this  case  that  for  about  eight  years  the  floor  did  its  work  and 
carried  a  very  heavy  load,  thus  proving  that  the  ultimate  failure  was 
not  due  merely  to  poor  workmanship,  but  was  due  to  the  fact  that 
the  adhesion  of  the  bars  was  not  permanent.  This  fact  has  been 
recc^nized  by  the  city  of  Philadelphia  in  recent  specifications  for  re- 
inforced concrete  bridges,  in  which  it  is  required  that  *Hhe  steel  rods 
embedded  in  the  concrete  shall  be  of  some  approved  shape,  especially 
formed  for  reinforcing  concrete  so  as  to  secure  an  interlocking  bond 
between  the  steel  and  the  concrete." 

It  has,  however,  been  very  definitely  demonstrated  that  a  mechan- 
ical bond  furnishes  a  far  stronger  union  between  the  steel  and  the  con- 
crete than  can  possibly  be  furnished  by  plain  bars.  About  two  years 
ago  Prof.  SpoflFord  made  a  series  of  tests  in  the  laboratories  of  the 
Massachusetts  Institute  of  Technology  to  determine  this  very  point. 
A  large  number  of  specimens,  of  which  forty-five  were  reported  in 
the  published  tests,  were  made  by  moulding  prisms  of  concrete.  The 
prisms  varied  in  cross-section  from  6  inches  by  6  inches  to  10  inches 
by  10  inches,  and  in  length  from  12  inches  to  50  inches.  The  rods 
included  plain  round,  plain  square  and  plain  straps,  also  Ransome, 
Thacher  and  Johnson  bars  of  sizes  varying  from  i  inch  to  IJ  inches 
and  with  a  length  somewhat  greater  than  the  length  of  the  prisms. 
They  were  placed  in  the  axes  of  the  prisms  during  moulding.  The 
load  upon  the  bearing  end  of  the  concrete  block  was  distributed  by 
the  interposition  of  a  sheet  of  i-inch  felt  between  the  concrete  and 
an  annular  steel  ring  resting  upon  the  platform  of  the  machine.  In 
all  cases  the  rod  projected  a  short  distance  at  the  upper  end  of  the 
block,  the  pull  being  downward  at  the  lower  end,  and  this  projecting 
end  was  carefully  watched  in  order  to  detect  the  first  evidence  of  slip- 
ping. Although  it  was  intended  that  the  size  of  the  prism  should 
be  sufficient  in  all\jases  to  develop  the  full  strength  of  the  bar,  it  was 
found  that  the  largest  bars  were  too  large  even  for  the  10-inch  by 
lO-inch  prisms  in  which  they  were  inserted.  It  was  invariably  found 
that  the  formed  bars  required  a  far  greater  stress  in  the  rod  in  pounds 
per  square  inch  of  net  section  than  the  plain  bars.  Incidentally  it 
may  be  mentioned  that  the  Johnson  corrugated  bar  invariably  re- 
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quired  a  pull  from  two  to  three  times  as  great  per  square  inch  of  net 
section  as  a  plain  bar.  These  results  therefore  show:  first,  that  if 
the  stress  in  a  reinforced  concrete  structure  for  any  reason  exceeds 
very  greatly  the  designed  loading  and  approaches  the  elastic  limit 
of  the  steel,  a  formed  bar  is  far  safer  than  a  plain  bar,  even  though 
the  adhesion  has  not  been  destroyed.  Secondly,  experience  has  proved 
that  the  adhesion  may  be  destroyed  by  any  one  of  three  causes,  and 
that  it  is  unreliable  for  any  great  length  of  time,  no  matter  what  its 
tested  strength  may  prove  to  be  on  new  specimens.  Thirdly,  that  a 
Johnson  corrugated  bar  will  have  as  great  a  hold  in  the  concrete  as 
a  plain  bar  at  its  best,  even  though  the  adhesion  of  the  Johnson  bar 
had  been  utterly  destroyed  by  vibration  or  any  other  cause.  Inci- 
dentally it  may  be  added  that  the  writer  has  been  told  of  some  tests 
which  were  made  on  this  line  in  which  the  bars  were  deliberately  oiled 
in  order  to  determine  their  hold  in  the  concrete  under  such  a  condi- 
tion. It  was  found  that  there  was  practically  no  adhesion  and  that 
the  bars  could  be  drawn  out  of  the  concrete  with  an  insignificant  force. 
This  practically  means  that  if  the  reinforcing  steel  should  be  accident- 
ally smeared  with  oil  or  grease  the  adhesion  would  be  vitiated  to  some 
extent,  and  since  the  mutual  action  of  the  concrete  and  the  steel  is 
absolutely  dependent  on  the  intimate  imion  of  the  concrete  and  steel 
at  all  points,  the  strength  of  the  structure  might  be  vitiated  to  per- 
haps a  dangerous  extent  by  some  such  carelessness  during  construc- 
tion. In  the  tests  made  at  the  Massachusetts  Institute  of  Technology 
all  the  bars  were  sandblasted,  which  of  course  made  the  conditions 
the  most  favorable  for  the  plain  bars.  Of  course,  it  likewise  made 
it  most  favorable  for  all  kinds  of  bars.  But  oil  on  a  formed  bar  would 
merely  reduce  its  adhesion  and  not  destroy  the  imion  between  the 
concrete  and  the  steel.  On  the  other  hand,  oil  on  a  plain  bar  will 
render  it  utterly  useless  and  endanger  the  strength  of  the  structure. 
It  is  also  true  that  if  the  bars  have  been  allowed  to  get  rusty  to  any 
great  extent  the  adhesion  is  affected. 


Effect  of  Elastic  Limit  of  the  Steel. 
There  is  still  much  controversy  over  the  effect  of  the  elastic  limit 
on  the  mechanics  of  reinforced  concrete  structures.  The  writer  has 
no  intention  of  entering  into  a  theoretical  argument  on  this  point, 
but  will  merely  point  out  the  fact  that  there  are  some  phases  of  this 
detail  which  are  beyond  discussion.    It  may  readily  be  seen  that  when 
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the  steel  is  strained  beyond  its  elastic  limit  the  union  between  the 
concrete  and  the  steel  is  unquestionably  destroyed.  If  that  union 
depends  on  mere  adhesion,  it  is  certainly  destroyed  absolutely.  If 
the  bars  are  specially  formed,  there  will  still  remain  a  very  great  re- 
sistance, although  the  structure  is  imquestionably  very  seriously  weak- 
ened, if  not  actually  unsafe.  Therefore  if  we  can  safely  raise  the  elas- 
tic limit,  we  raise  by  just  that  amount  the  safety  of  the  structure.  A 
great  deal  of  work  has  been  designed  using  steel  which  has  an  ultimate 
strength  of  say  64,000  pounds  per  square  inch  and  using  a  working 
str^s  of  16,000  pounds,  and  the  designer  thinks  that  he  has  a  factor 
of  safety  of  4.  If  the  ultimate  strength  is  64,000  poimds,  the  elastic 
limit  is  probably  about  one-half  of  this,  or  32,000  pounds.  Therefore 
the  real  factor  of  safety  is  only  2.  In  other  words,  if  the  loading  should 
ever  by  any  mischance  be  increased  to  more  than  double  the  normal 
loading,  the  structure  would  actually  fail,  since  the  elastic  limit  would 
have  been  passed,  and,  as  above  shown,  the  union  between  the  con- 
crete and  steel  would  have  been  destroyed. 

There  is  a  radical  distinction  between  a  steel-concrete  structure  and 
an  all-steel  bridge,  for  example.  If  a  steel  bridge  be  overloaded  to 
such  an  extent  that  the  imit  stress  is  raised  to  a  little  beyond  the  elas- 
tic limit,  the  structure  will  not  necessarily  fail.  When  the  stress  is 
removed,  the  bridge  will  not  entirely  recover  its  former  position,  the 
cross-section  of  some  tension  pieces  will  be  slightly  reduced,  but  the 
unit  strength  is  possibly  greater,  and  the  bridge  can  still  do  its  normal 
work,  although  the  factor  of  safety  may  have  been  slightly  reduced. 
But  when  the  steel  in  a  steel-concrete  structure  has  been  stretched 
beyond  the  elastic  limit,  the  steel  and  concrete  cannot  return  to  the 
same  relative  positions  they  previously  had.  The  union  is  unques- 
tionably destroyed.  Under  such  a  condition  the  formed  bar  is  cer- 
tainly safer  than  a  plain  bar,  but  a  combination  of  formed  bar  and  a 
high  elastic  limit  is  far  better.  Several  years  ago  bridge  engineers 
thought  they  could  effect  economy  by  employing  high  carbon  steel 
in  the  construction  of  bridges.  Then  they  found  that,  owing  largely 
to  pimching  and  the  irregular  stresses  produced  in  plates  and  struc- 
tural shapes,  the  high  carbon  steel  was  unreliable,  and  now  a  return 
has  been  made  to  the  softer  steel.  But  when  it  is  considered  that 
there  is  no  question  of  punching  the  steel  used  for  steel  reinforcement, 
and  that  the  stresses  in  the  steel  are  almost  exclusively  tensile,  the 
ability  of  the  high  carbon  steel  to  safely  \^ithstand  them  cannot  be 
successfully  attacked,  provided  the  steel  is  not  actually  brittle.    The 
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shearing  stresses  which  may  occur  in  the  steel  bars  are  always  so  far 
within  the  shearing  strength  of  the  steel  that  they  need  not  be  con- 
sidered. The  Johnson  corrugated  bars  are  usually  rolled  from  the 
same  grade  of  steel  as  is  employed  in  making  railroad  rails.  There 
are  few  metal  structures  which  are  subjected  to  such  excessive  and 
irregular  stresses  as  railroad  rails.  From  the  standpoint  of  impact 
and  change  of  stress  there  are  few  metal  structures  which  are  so  tried. 
Nevertheless  a  broken  rail  is  exceedingly  rare,  considering  the  hundreds 
of  thousands  of  miles  which  are  in  use.  Therefore  it  would  seem  like 
an  over-refinement  and  a  needless  sacrifice  of  strength  to  limit  one's 
self  to  a  grade  of  steel  which  has  a  virtual  limit  of  30,000  or  32,000 
pounds  per  square  inch  when  it  is  so  easily  possible  to  obtain  a  material 
which  is  thoroughly  reliable  for  its  purpose,  against  which  no  failure 
can  be  reported,  and  which  has  a  virtual  ultimate  (by  which  I  mean 
the  elastic  limit)  of  56,000  to  65,000  pounds  per  square  inch.  Such 
a  bar  can  be  as  safely  used  with  twice  the  working  strain  as  would 
be  used  with  soft  steel,  or,  if  it  is  used  with  the  same  working  strain, 
the  factor  of  safety  against  a  possible  overloading  is  practically  doubled. 
Of  course,  I  would  not  advocate  for  a  moment  using  a  working  stress 
of  25,000  to  30,000  poimds  per  square  inch  with  the  higher  grade  steel. 
In  fact,  Mr.  Johnson  usually  employs  12,500  poimds  per  square  inch 
working  stress  with  his  bars,  in  spite  of  the  elastic  limit  of  55,000  to 
65,000  poimds  and  an  ultimate  strength  of  95,000  pounds.  But  I 
do  wish  to  express  very  strongly  the  opinion  that  using  a  working 
stress  of  16,000  pounds  for  soft  steel  in  steel-concrete  work  is  not  only 
bad  designing — it  is  recklessness. 

It  will  not  do  to  say  that  overloads  will  never  occur.  A  cyclone 
may  produce  wind  stresses  in  a  building  which  are  several  times  the 
stresses  provided  for,  and  it  is  a  common  experience  to  see  a  ware- 
house floor  loaded  up  with  a  floor-load  which  is  four  or  five  times  that 
for  which  it  was  designed. 


Stresses  in  Reinforced  Concrete. 
It  is  natural  that  some  engineers  should  have  considerable  skeptic- 
ism regarding  the  accuracy  of  theoretical  computations  of  the  strength 
of  reinforced  concrete  structures.  The  theory  is  excessively  complex, 
and,  secondly,  concrete  is  by  some  considered  a  very  unreliable  ma- 
terial. There  is  therefore  considerable  value  in  the  tests  which  were 
made  recently  by  Prof.  Howe  at  the  Rose  Polytechnic  Institute,  at 
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Terre  Haute,  Indiana.  These  were  tests  of  fuU-sixe  concrete  beams 
which  were  purposely  made  so  as  to  represent  commercial  practice  as 
closdy  as  possible.  Atlas  cement,  bank  sand,  crushed  rock,  and  cor- 
rugated steel  bars  were  purchased  in  the  open  market.  The  mixini^ 
was  done  by  a  local  c<Hitractor  of  experience  with  his  own  gang  of 
men  in  the  manner  he  ordinarily  employed.  Instead  of  using  ''stan* 
dard  quartz  sand,"  which  is  so  frequently  used  in  test  work  and  which 
.gives  results  which  cannot  be  compared  with  commercial  practice, 
he  used  a  sand  which,  ''while  containing  some  'dirt'  in  the  form  of 
yellow  clay,  was  a  fair  representation  of  bank  sand  used  in  Terre 
Haute."  The  beams  varied  in  length  from  12  feet  to  19  feet  6  inches. 
They  had  a  uniform  width  of  12  inches,  but  their  depth  varied  from 
5  inches  to  21  inches.  It  is  difficult  to  apply  a  imiformly  distributed 
load  to  a  full-size  beam  and  avoid  a  tendency  to  arching  action  of  the 
load  itself,  which  vitiates  the  results  obtained.  A  concentrated  load 
in  the  center  also  tends  to  produce  a  crushing  of  the  beam,  which  may 
vitiate  the  calculations  of  its  transverse  strength.  The  method  em- 
ployed in  these  tests  was  to  apply  two  equal  concentrated  loads,  which 
are  symmetrical  with  respect  to  the  center  of  the  beam,  through  knife- 
edges  in  rolling  seats,  which  thereby  produced  a  constant  bending 
moment  between  the  points  of  application  of  the  load  (excepting  the 
variable  moment  produced  by  the  weight  of  the  beam).  Usually  the 
maximum  moment  actually  developed  was  soniewhat  in  excess  of  the 
theoretical  moment  as  determined  by  the  Johnson  formula,  probably 
on  accoimt  of  the  fact  that  the  Johnson  formula  uses  2000  pounds 
per  square  inch  as  the  ultimate  strength  of  that  grade  of  concrete  and 
50,000  pounds  per  square  inch  as  the  elastic  limit  of  the  steel  (which 
is  in  reality  the  point  of  failure  in  steel  concrete  work),  whereas  the 
strength  of  the  concrete  was  probably  somewhat  in  excess  of  this, 
and  the  steel  used  actually  showed  an  elastic  limit  of  about  60,000 
poimds  per  square  inch.  The  vertical  deflections  were  read  directly 
from  a  scale  on  the  side  of  the  beam  at  the  center  by  means  of  a  silk 
thread  fastened  opposite  the  knife-edges  of  the  end  stirrup.  Measure- 
ments were  made  to  determine  the  position  of  the  neutral  axis  for 
various  loadings  and  the  variation  of  its  position  for  partial  loadings. 
It  was  very  definitely  shown  that  at  the  commencement  of  the  load- 
ing the  neutral  axis  was  below  the  center  of  the  beam.  Theory  would 
indicate  that  for  a  light  loading  the  neutral  axis  would  be  at  the  cen- 
ter of  gravity  of  an  inverted  T-shaped  section,  the  sides  of  the  T  being 
formed  by  extending  the  concrete  at  the  base  of  the  beam  by  an  amount 
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proportional  to  the  relative  moduli  of  elasticity  of  steel  and  concrete, 
but  it  is  found  that,  as  the  loads  increase  in  magnitude,  the  axis  moves 
upward  very  rapidly  until  cracks  commence  to  appear  on  the  bottom 
of  the  beam;  then  the  axis  remains  approximately  in  the  same  posi- 
tion as  long  as  the  concrete  does  not  show  signs  of  failure  in  compres- 
sion, as  indicated  by  the  drop  of  the  scale  beam.  The  special  point 
to  which  I  wish  to  call  your  attention  in  these  tests  is  that  in  all  the 
eighteen  tests  there  were  but  six  cases  in  which  the  actual  maximum 
moment  was  less  than  the  theoretical  moment.  Ordinarily  the  varia- 
tion did  not  exceed  3  per  cent.  Such  an  agreement  between  theoret- 
ical formulse  and  the  actual  breaking  loads  of  full-sized  conmiercially 
made  beams  is  not  only  very  gratifying,  but  is  suflBciently  close  to 
inspire  confidence  in  the  method  of  the  calculations.  The  method  of 
calculating  the  strength  of  simple  beams  reinforced  with  steel  is  prac- 
tically much  simplified  by  the  use  of  tables  and  diagrams. 


Expansion  Joints  in  Reinforced  Concrete. 
Another  very  important  feature  of  this  method  of  construction  is 
the  solution  which  it  gives  to  the  problem  of  expansion  joints.  It 
does  so  by  cutting  the  Gordian  knot  and  omitting  expansion  joints 
altogether.  This  may  be  safely  done  on  tli0"«ame  general  principle 
as  is  involved  in  the  practice  of  street-railway  companies  in  using 
perfectly  tight  rail-joints.  In  the  case  of  the  rails  the  changes  of 
temperature  do  take  place,  and  they  result  in  severe  tensile  stress  in 
cold  weather  and  compressive  stress  in  warm  weather,  but  it  is  easily 
demonstrable  that  for  such  ranges  of  temperature  as  will  occur  the 
stresses  are  not  imsafe  and  that  the  rails  can  safely  endure  them.  Pre- 
cisely the  same  principle  is  involved  in  reinforced  concrete  walls.  It 
is  demonstrable  that  if  -^  of  the  cross-section  of  the  wall  consists  of 
steel  properly  distributed,  all  tendency  to  contract  during  cold  weather 
will  be  resisted  by  the  steel,  and  it  is  thus  made  possible  to  make  con- 
crete structures  a  mile  long,  if  desired,  without  using  any  expansion 
joints.  Experience  in  these  structures  has  demonstrated  that  masses 
of  concrete  so  long  that  they  would  inevitably  have  been  badly  rup- 
tured by  temperature  contraction  if  they  had  been  made  of  plain 
concrete,  have  successfully  withstood  all  ranges  of  temperature  with- 
out any  cracking.  In  fact,  the  insertion  of  steel  in  structures  merely 
for  the  purpose  of  withstanding  this  temperature  cracking  is  not  only 
justifiable,  but  a  wise  plan,  even  though  the  steel  was  not  depended 
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on  to  resist  any  other  structural  stress.  This  may  explain  an  element 
of  the  design  of  some  of  these  structures  where  bars  are  inserted  in 
places  where  they  are  apparently  imnecessary  for  withstanding  struc- 
tural stress.  They  are  inserted  as  binders  to  prevent  any  possibility 
of  the  concrete  cracking  on  account  of  temperature  stresses. 

In  order  to  have  some  more  definite  figures  regarding  this,  I  wrote 
to  the  engineer  of  the  St.  Louis  Expanded  Metal  Fireproofing  Com- 
pany for  some  explicit  examples.  An  extract  from  his  letter  is  as 
follows: 

"The  rear  wall  of  the  Harvard  stadium  is  1400  feet  long,  built  in 
the  form  of  a  U,  and  the  same  contains  but  one  crack  at  one  of  the 
points  of  tangency,  which  may  have  been  due  to  some  improper.work- 
manship  at  this  point  perhaps.  This  job  has  passed  through  two 
severe  winters,  and  my  report  on  the  condition  of  same  comes  direct 
from  Professor  L.  J.  Johnson,  the  man  who  had  the  work  in  charge. 

"There  is  a  retaining  wall  illustrated  in  our  new  catalogue  which 
has  passed  through  one  winter  and  contains  no  crack.  We  built  a 
wall  in  the  city  here,  exposed  on  both  sides  to  the  weather,  which  is 
also  300  feet  long  and  contains  no  crack.  It  is  not  that  the  metal 
absolutely  prevents  cracks,  but  if  the  metal  does  not  slip  in  the  con- 
crete, the  cracks  will  be  very  fine  and  close  together,  and  these  will 
be  so  small  that  in  the  case  of  the  corrugated  bar,  at  any  rate,  they 
would  not  be  able  to  penetrate  to  the  bar.'' 

This  is  another  illustration  of  the  value  of  a  "formed"  bar  over  a 
plain  bar.  It  is  quite  possible  that  temperature  changes  are  one  of 
the  most  potent  causes  of  the  loosening  of  the  adhesion.  CJorrugations, 
and  especially  those  which  present  a  square  shoulder  against  any  ten- 
dency of  the  bar  to  move  in  the  concrete,  make  such  an  intimate  union 
between  the  concrete  and  the  steel  that  temperature  changes  cannot 
affect  them  provided  the  cross-section  of  the  steel  is  sufficient  to  re- 
sist the  temperature  stresses. 


Steel-concrete  Tanks. 
The  relative  value  of  steel  and  concrete  in  mere  tension  has  already 
been  referred  to.  An  example  of  this  is  found  in  the  mechanics  of 
large  circular  tanks,  especially  such  as  are  used  for  gas-holders,  when 
constructed  of  plain  concrete.  The  principal  stress  on  such  a  tank 
when  designed  to  hold  water  is  merely  a  bursting  hydraulic  pressure. 
When  this  has  been  sufficiently  provided  for,  all  other  stresses,  such 
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as  wind  stresses,  will  be  amply  taken  care  of  by  the  cross-section 
adopted.  The  working  tension  usually  allowed  for  concrete  does  not 
exceed  50  pounds  per  square  inch,  whereas  we  readily  emfdoy  16,000 
pounds  per  square  inch  for  steel.  .This  means  that  0.31  per  cent,  of 
steel  will  accomplish  the  same  work  and  be  even  more  reliable  than 
the  concrete.  It  means  that  the  tension  is  provided  for  at  one-third 
of  the  cost  of  an  equal  strength  in  concrete.  But,  on  the  other  hand, 
a  steel-concrete  tank  is  foimd  to  be  even  cheaper  as  well  as  infinitely 
more  durable  than  a  plain  steel  tank.  It  is  not  enough  in  the  cane 
of  a  plain  steel  tank  to  provide  just  enough  steel  to  withstand  the 
bursting  pressure.  A  very  thin  steel  plate  might  have  a  suflkient 
area  of  steel  to  withstand  the  bursting  pressure,  but  it  woiJd  utterly 
collapse  in  the  first  wind-storm.  A  steel  tank  likewise  requires  con- 
stant care  and  expense  for  painting  and  other  forms  of  maintenance, 
and  in  spite  of  all  care  it  is  short-lived.  On  the  other  hand,  a  sted- 
concrete  tank  when  properly  made  will  endure  indefinitely,  and  the 
cost  of  maintenance  should  be  absolutely  zero.  In  a  steel-concrete 
tank  the  concrete  not  only  eflfectively  prevents  the  corrosion  of  the 
steel,  but  it  furnishes  the  required  stiffness  and  compressive  strength 
(the  steel  bars  taking  up  the  tensile  stress),  and  will  permit  the  amount 
of  concrete  to  be  reduced  to  a  figure  which  makes  it  cheaper  than  a 
proper  design  in  plain  concrete. 


PROTECTriON  OP  StEEL  FROM  RuSTING   BY  CONCRETE. 

Unprotected  steel  rusts  quite  rapidly,  especially  when  it  is  exposed 
in  damp  places,  and  since  concrete  is  more  or  less  porous,  so  that 
water  may  penetrate  throughout  a  concrete  structure,  it  is  frequently 
assumed  that  even  the  embedded  steel  will  rust  out.  Although  it  is 
true  that  the  modem  system  of  reinforced  concrete  is  a  matter  of  the 
last  few  years,  and  therefore  there  has  not  been  time  to  determine 
many  of  the  results  which  will  only  appear  after  many  years,  there 
have  fortunately  been  many  occasions  when  the  power  of  concrete 
to  protect  iron  from  rusting  has  been  amply  demonstrated.  Wm. 
Sooy-Smith,  M.  Am.  Soc.  C.  E.,  reports  a  small  piece  of  iron  set  in 
mortar  taken  from  the  base  of  the  obelisk  now  in  New  York  city  which 
was  bright  and  free  from  rust  after  2,300  years.  He  also  tells  of  the 
moving  of  a  bed  of  concrete  at  a  lighthouse  in  the  Straits  of  Mackinac, 
twenty  years  after  it  was  laid  ten  feet  below  the  water  surface.  In 
this  case  driftbolts  embedded  in  the  concrete  were  found  to  be  free 
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from  rust.  Many  teste  have  been  made  in  which  it  has  been  attempted 
to  substitute  for  long  periods  of  time  a  corresponding  intensity  of  cor- 
rosive action,  and  although  the  resulte  of  such  teste  are  not  conclusive 
proof,  yet  they  all  point  to  the  same  conclusion,  viz.,  that  if  concrete 
is  mixed  very  wet  so  as  to  make  it  very  dense,  and  if  the  steel  is  covered 
to  a  depth  of  an  inch  or  more,  there  is  absolutely  no  evidence  of  rust- 
ing, unless  the  steel  is  exceptionally  foul  when  it  is  placed  in  the  con- 
crete. There  has  been  considerable  controversy  over  the  possible 
effect  of  the  fine  hair  cracks  which  frequently  appear  in  the  bottom 
of  a  concrete  beam  even  when  it  is  loaded  within  ite  designed  loading, 
but  the  eminent  chemist  and  cement  expert,  Spencer  B.  Newberry, 
has  declared  unequivocally  that  there  is  no  danger  that  such  cracks 
would  result  in  corrosion  of  the  steel  imder  them.  He  pointe  out  the 
fact  that  the  immediate  effect,  even  when  such  a  crack  began  to  open, 
would  be  a  slight  chemical  change  and  the  formation  of  a  carbonate 
at  the  bottom  of  the  crack  which  would  effectively  protect  the  steel 
from  any  corrosion. 


DISCUSSION. 
W.  F.  Ballinoer. — Referring  to  the  subject  of  economy  of  steel-concrete  as 
compared  with  steel,  I  think  we  might  also  compare  it  with  wood,  in  building 
construction.  We  have  designed  and  looked  after  the  erection  of  a  great  many 
buildings — principally  factory  buildings  and  warehouses — in  slow-burning  mill 
construction,  and  of  late  quite  a  number  in  reinforced  concrete.  We  find  that 
the  difference  in  cost  is  not  usually  enough  to  be  prohibitive,  whereas  the  cost 
of  steel  beams  with  fire-proofing  of  terra  cotta  or  even  with  concrete  as  compared 
with  the  slow-burning  construction  is  often  sufficient  to  be  prohibitive.  We  have 
f oimd  in  our  practice  that  in  the  use  of  reinforced  concrete  we  use  more  steel  than 
we  did  before  we  started  to  use  the  reinforced  concrete  construction,  just  as  the 
trolley  cars  are  more  crowded  now,  although  there  are  a  great  many  more  of  them, 
than  the  horse-cars  in  older  times  used  to  be,  because  people  travel  more  now 
than  formerly.  There  are  fire-proof  buildings  being  erected  by  reason  of  the 
advance  in  the  methods  of  fire-proof  construction,  and  particularly  of  reinforced 
concrete  construction.  We  have  found  that  the  cost  is  usually  not  less  than  10 
per  cent,  nor  more  than  20  per  cent,  greater  in  reinforced  concrete  than  in  slow- 
burning  mill  construction.  We  eliminate  all  castings  used  in  construction,  such 
as  base  plates,  i>ost  caps  or  saddles,  and  wall  plates,  which  are  a  considerable 
item  of  expense.    Getting  it  down  to  a  square  foot  basis,  or  so^  ^oor 

space,  I  have  figured  it  out,  and  in  a  number  of  cases  find  tha  '  ig 

mill  construction  would  cost,  taking  the  timber,  the  girder  I  *^ 

the  planking  (exclusive  of  flooring) ,  usually  about  36  cents  per  i 
is  for  the  interior  construction  alone  of  buildings  of  two  or  tl 
and  we  find  that  the  reinforced  concrete  can  be  built  for  ab< 
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aometimes  more  than  that,  but  on  the  average  between  40  and  50  cents  per  sqiuu^ 
foot,  exclusive  of  the  top  flooring.  Including  the  cost  of  the  walls,  windows,  and 
finish,  which  we  usually  build  the  same  in  either  case,  it  only  represents  a  differ- 
ence  in  the  total  cost  for  a  factory  or  a  warehouse  building  of  about  10  or  15  cents 
per  square  foot,  pro^dded  a  cement  floor  is  placed  on  the  concrete.  With  a  wood 
floor,  it  would  cost  about  8  cents  more  than  it  does  for  a  cement  floor. 

There  is  one  instance  that  I  might  mention — a  case  of  placing  an  engine  on 
a  concrete  floor;  it  was  the  first  engine  we  put  upon  a  reinforced  concrete  floor, 
and  I  felt  at  that  time  as  though  I  was  on  thin  ice,  but  it  seemed  to  be  a  case  of 
necessity.  We  had  not  designed  it  originally.  We  had  intended  to  have  a  wood 
floor  in  the  engine-room,  with  a  space  of  about  8  feet  imder,  suflicient  to  walk 
under,  in  order  to  get  to  pipes,  electric  wires,  etc.,  and  in  designing  our  piping 
and  heating  plant  we  found  that  about  the  only  space  that  we  had  for  a  hot- 
water  generator, — the  only  desirable  space, — would  be  partly  occupied  by  the 
engine  foundation.  So  we  simply  made  a  change,  putting  in  a  reinforced  con- 
crete floor  as  an  engine  foundation,  and  the  engine  has  been  running  now  over 
a  year,  without  any  noticeable  vibration,  and  very  successfully.  We  have  since 
done  that  on  several  occasions  and  with  equal  success. 

Emile  G.  Perrot. — I  would  like  to  speak  on  one  phase  of  the  subject  of  rein- 
forced concrete  which  has  not  been  touched  upon  in  the  lecture,  and  which  I 
think  is  worthy  of  the  attention  of  engineers,  and  that  u  the  personal  equa- 
tion entering  into  its  construction.  The  erection  of  a  reinforced  concrete 
building  or  other  structure  necessitates  a  change  from  the  usual  methods  of 
construction,  and  when  it  comes  to  the  application  of  the  reinforcing  bare  in 
such  work  it  would  seem  that  there  should  be  close  supervision  to  insure  the 
bars  being  placed  in  the  proper  position.  This  of  course  requires  great  care 
either  in  wiring  or  banding  the  bars.  In  the  case  of  retaining  walls,  such  as 
in  the  subway  here,  some  such  method  must  be  used  to  secure  them  in  posi- 
tion, either  by  wooden  templates  nailed  to  the  forms  or  by  wiring  the  rods  in 
their  proper  position.  This  question  has  not  been  touched  upon  at  all,  neither 
has  there  been  any  mention  of  the  improvements  made,  or  of  any  ideas  that 
have  been  developed  along  that  line. 

We  all  know  that  the  strength  of  a  beam  is  materially  affected  by  the  position 
of  the  bars  in  the  beam.  A  variation  of  one  inch  in  a  15-inch  beam  will  affect 
the  strength  about  15  per  cent.  If  an  engineer  in  his  oflice  figures  on  a  certain 
position  of  the  bars,  and  the  workmen  at  the  building  put  them  in  another  posi- 
tion, we  have  a  case  where  theory  and  practice  do  not  work  together.  I  do  not 
know  whether  this  phase  of  the  subject  has  been  much  considered  by  engine^s, 
but  from  my  experience  I  find  that  it  is  one  of  the  most  serious  drawbacks  to 
reinforced  concrete,  and  the  development  on  that  line  seems  to  have  been  over- 
looked except  in  one  particular  case. 

There  has  been  a  great  deal  said  about  deformed  bars.  I  think  the  European 
practice  of  plain  bars  will  be  ere  long  displaced  by  the  later  types  of  bars,  and  we 
will  be  using  deformed  bars  not  only  in  this  country,  but  in  all  countries.  There 
is  no  reason  why  the  deformed  bar  is  not  a  method  of  reinforcement  far  superior 
to  the  plain  bar.  Engineers  seem  to  be  contented  in  making  improvements  in 
deformed  bars,  such  as  the  Johnson  bar,  Thacher  bar,  and  a  number  of  others; 
even  bars  in  which  studs  or  rivets  project  from  the  sides  have  been  used,  so  that 
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the  tendency  to  slip  is  eliminated.  As  I  stated  before,  there  seems  to  have  been 
but  little  thought  given  to  removing  the  personal  equation  in  the  execution  of  the 
work  in  the  field,  and  that  the  mere  fact  of  having  to  contend  with  the  mistakes 
that  are  liable  to  occur  in  a  building  has  deterred  a  niunber  of  engineers  and 
architects  from  using  reinforced  concrete. 

I  think  that  in  the  futiire  we  will  find  much  more  reinforced  concrete  used  in 
building  construction,  due  to  the  fact  that  improvements  are  being  made  in  the 
methods  of  construction,  and  instead  of  the  rods  being  placed,  as  is  likely  to  be 
the  case,  by  inexperienced  men  in  a  haphazard  manner,  they  will  be  put  in  forms 
and  secured  there,  so  that  no  amount  of  tamping  or  jarring  will  displace  the  bars, 
and  when  an  engineer  designs  a  beam  with  the  rods  having  a  certain  center  of 
action,  the  workmen  at  the  building  will  have  them  in  that  position,  by  reason 
of  the  appliances  that  will  be  used.  That  is  one  of  the  phases  of  the  situation 
which  I  think  demands  a  great  deal  of  serious  attention. 

The  paper  brings  up  the  question  of  the  adhesion  of  rusted  bars,  and  says  that 
rusted  bars  did  not  adhere  as  strongly  as  plain  bars.  I  conducted  some  tests 
myself  to  determine  that  very  point,  as  I  imderstood  that  the  Government  in- 
spectors require  the  rust  to  be  removed  from  the  bars  before  they  will  permit 
them  to  be  used,  and  I  wanted  to  find  out  whether  they  were  correct  or  not. 
The  result  of  the  tests  showed  that  in  some  cases  the  rusted  bars  adhered  better 
than  the  clean  bars.  I  do  not  know  where  Mr.  Webb  gets  his  information,  but 
everybody  that  I  have  spoken  to  about  the  rusted  bar  seems  to  be  of  the  opinion 
that  it  is  all  right.  Certainly  there  is  no  reason  why  it  should  not  adhere  strongly. 
It  has  a  pitted  surface  and  is  simply  a  deformed  bar  on  a  minor  scale. 

With  regard  to  temperature  changes,  our  experience  has  been  that  in  build- 
ings that  we  have  built  where  we  run  the  bars  in  one  direction  only  in  the  thin 
floor  plates  or  slabs,  the  concrete  has  shrunk  after  a  period  of  three  or  four  months, 
and  there  would  be  contraction  cracks  running  longitudinally  with  the  reinforc- 
ing bars.  In  order  to  offset  this,  we  have  been  running  bars  at  right  angles  to 
the  jnam  bars,  and  in  all  the  buildings  in  which  we  have  put  these  cross-bars 
there  have  been  no  cracks  appear  at  all,  showing  that  the  theory  mentioned  by 
Mr.  Webb,  that  the  bars  take  up  the  temperature  stresses,  is  perfectly  true,  and 
that  a  thin  plate,  if  reinforced  in  both  directions,  will  not  crack,  while  if  reinforced 
only  in  one  direction  it  is  liable  to  crack.  We  have  erected  several  buildings  in 
which  the  rods  run  in  one  direction  and  in  which  I  have  noticed  cracks,  while 
those  which  were  reinforced  in  both  directions  have  practically  no  cracks  at  all. 

J.  G.  Brown. — ^The  paper  refers  to  a  building  built  of  concrete  reinforced  with 
plain  rods,  that  had  failed  after  an  existence  of  eight  years.    I  have  read  about 
that  building  in  the  Johnson  bar  catalogue,  and  I  would  like  to  ask  Blr.  Webb 
if  he  has  ever  heard  of  another  case  similar  to  it.    I  understand  that  there  are 
buildings  in  £iut>pe  that  are  a  good  deal  older  than  ten  years,  and  are  still  in 
use  today,  so  that  if  there  is  not  more  than  one  case  of  failure  of  that  nature,  I 
would  think  that  it  was  due  more  to  some  other  reason  rather  than  to  struct 
defects.    One  failure  would  hardly  warrant  the  assumption  that  the  US' 
plain  bar  is  a  dangerous  practice.    Sometimes  we  have  failure  due  to  the 
tion  of  the  material  that  is  used.    You  know,  if  you  take  a  piece  of  timi 
paint  it,  so  that  there  is  no  chance  for  it  to  season,  a  process  of  ferme 
takes  place  and  it  will  rot  or  disintegrate,  although  it  takes  a  long  time 
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in  like  manner  none  but  seasoned  cement  should  be  used.  There  have  been  so 
many  buildings  built  with  plain  bars  alone  used  that  it  seems  to  me  there  ought 
to  be  more  than  one  building  fail,  if  the  failure  is  entirely  due  to  the  loas  of  adhe- 
sion between  the  concrete  and  the  steel.  Where  the  beam  sags,  of  course  it 
stretches,  but  when  I  consider  the  length  of  that  steel  and  the  small  deflection 
possible,  I  cannot  imagine  that  the  reduction  of  area  of  the  bar  can  be  so  very 
great.  And,  further  than  that,  we  have  all  seen  or  read  of  cases  where  they 
have  placed  deformed  bars  between  blocks  of  concrete  like  voussoirs  of  an  arch, 
and  got  out  of  that  structure  the  same  strength,  practically,  as  if  made  of  con- 
crete moulded  around  the  bars,  which  would  make  it  appear  that  the  strength 
of  the  beam  does  not  depend  entirely  on  the  adhesion  of  the  bar. 

Of  course,  there  is  no  question  but  that  a  deformed  bar  appeals  to  the  mind 
to  be  a  very  good  thing.  Personally,  I  believe  in  it.  But,  at  the  same  time, 
there  are  so  many  buildings  built  of  plain  rods  that  I  would  like  to  know  some- 
thing more  definite  as  to  their  being  imsafe,  or  have  some  more  data  before  ad- 
vocating a  deformed  bar  to  the  exclusion  of  plain  rods.  While  I  do  not  believe 
a  whole  lot  in  the  adhesion  of  steel  to  concrete,  neither  do  I  believe  in  devices 
riveted  to  pieces  of  iron,  but  I  do  believe  in  a  mechanical  bond.  I  think  the  ood- 
crete  and  steel  act  structurally  principally  on  this  account. 

H.  H.  QuiKBT. — The  paper  is  somewhat  meager  in  its  consideration  of  a  very 
important  question  connected  with  the  subject — the  durability  of  reinforced 
concrete  structures.  The  reason  may  be  that  data  respecting  it  are  not  plentiful 
because  the  practice  is  young,  but  there  are  many  such  structures  accessible  to 
all  who  care  to  study  their  action,  and  much  can  be  learned  by  examining  them. 
Concrete  is  liable  to  cracks  which  may  not  alwa3rs,  but  certainly  often  do,  indi- 
cate approaching  dissolution,  and  in  several  examples  of  reinforced  concrete  in 
this  city  and  neighborhood  the  action  of  internal  or  external  stresses,  or  both, 
can  be  seen  in  the  development  of  cracks.  The  oldest  is  only  three  years  old 
and  one  is  less  than  one  year  old.  While  undoubtedly  reinforcement  sometimes 
prevents  cracks,  it  certainly  does  not  always  do  so,  and  probably  sometimes 
causes  them.  Therefore  the  design  of  such  work  should  include  provision  for 
stresses  due  to  other  forces  than  mere  dead  weight  and  live  load.  These  other 
forces  are  internal  ones  due  to  unequal  shrinkage  in  setting  and  unequal  change 
of  volume  from  temperature. 

In  the  present  state  of  the  art  of  making  and  placing  concrete  even  a  fairiy 
uniform  grade  of  work  cannot  easily  be  obtained,  and  internal  stresses  are  almost 
certain  to  develop.  If  a  steel  bar  be  embedded  in  wet  concrete  and  the  structure 
be  in  a  situation  where  it  will  ultimately  dry  out,  the  concrete  will  contract  on 
iUelf  and  on  the  embedded  steel,  producing  compression  in  the  steel  and  initial 
tension  in  the  concrete.  If,  now,  there  be  added — as  in  the  case  of  a  beam — 
additional  tensile  stresses  from  load,  the  cohesion  of  the  concrete  may  be  over- 
come, although  the  calculated  stress  in  the  steel  is  far  within  the  limits  of  com- 
mon practice.  Then,  also,  some  members  of  a  structure  may  be  entirely  exposed 
to  the  atmosphere  and  its  influence,  while  adjacent  portions  are  so  protected  that 
only  one  surface  is  exposed,  and  thermal  changes  will  consequently  be  not  uni- 
form, perhaps  rupturing  the  material  where  the  stress  is  tensile.  Again,  struts 
or  beams  may  connect  heavier  bodies  that  are  so  stable  that  the  contraction  of 
the  beams  from  drying  out  or  from  temperature  may  not  be  able  to  move  them. 
The  concrete  will  then  certainly  open. 


WM— Reinforced  ConcrHe.  241 

AU  of  these  causes  are  <^)erative  and  the  effects  dearly  (jUsceraibk  in  the 
n^hboiiiood  examines  r^efred  to,  where  cracks  are  oboen-ed  to  be  appearing 
and  extending  and  threatening. 

One  of  the  theories  advocated  in  the  paper  may  be  questioned.  It  is  that 
reinforcing  steel  should  be  of  hi^  dastic  Emit.  What  really  should  be  high  is 
the  modulus  of  elasticity.  The  extent  or  range  of  the  elasticity  itself  is  of  little 
relative  importance.  The  impression  is  very  general  that  a  steel  with  a  hi^ 
so-called  limit  of  elasticity  will  stretch  less  than  one  of  low,  but  this  is  a  mistaken 
impression.  The  fact  is  that  a  high  steel — say,  60,000  pounds  elastic  limit — ^will 
stretch  just  as  much  under  its  working  stress — say,  16,000  pounds  per  square 
inch — as  a  soft  or  30,000-pound  steeL  The  actual  and  inevitable  stretch  of  the 
reinforcing  steel  under  service  loads  b  a  vital  element  in  the  life-struggle  of  the 
composite  girder.  If  such  a  girder  be  without  cracks,  the  concrete  by  its  tensile 
strength  will  sustain  the  bending  moment,  and  the  steel  will  generally  not  be 
stressed  until  the  cohesion  of  the  concrete  is  overcome.  Then  the  stress  will  get 
into  the  steel  at  a  crack  in  the  concrete  and  be  localised  there — perhaps  actually 
changing  from  compression  to  tension.  Tension  will  stretch  the  steel  at  the  point 
where  the  stress  exists — very  slightly,  but  still  actually — and  any  stretch  of  the 
steel  will  loosen  its  hold  in  the  concrete  immediately  adjacent  to  the  crack.  Al- 
most every  one  who  has  witnessed  tensile  tests  of  steel  specimens  held  in  hatched 
grijM  has  noticed  the  gradually  increasing  stretch  in  the  grips  from  the  back  to 
the  front  as  shown  by  the  slip  in  the  hatching.  The  action  in  the  grip  of  the 
concrete  is  similar,  with  the  difference  that  very  little  stretch  will  altogether 
loosen  the  grip  of  the  concrete  by  crumbling  it  away,  as  is  very  clearly  seen  in 
transverse  tests,  where  the  load  is  applied  slowly  under  control.  This  loosing 
of  the  grip  permits  the  stretching  of  the  steel  to  occur  over  an  increased  length, 
and  thus  extend  the  loosening  operation.  The  destructive  tendency  thereby 
becomes  continuous  and  progressive  imder  a  constant  unit  stress. 

It  seems  clear,  therefore,  that  the  steel  that  will  stretch  the  least  under  a  given 
stress  is  more  valuable  than  one  that  stretches  more  and  merely  has  the  quality 
of  stretching  farther  before  taking  a  permanent  set,  a  condition  of  service  that 
is  so  remote  in  probability  that  it  is  hardly  a  Intimate  basis  for  a  claim  of 
superiority. 

Apparently  the  way  to  increase  the  coefficient  of  elasticity  of  steel  is  to  stretch 
its  fibers,  while  cold,  beyond  the  elastic  limit.  This  will,  of  course,  reduce  the 
cross-section,  but  it  will  raise  the  allowable  unit  stress  and  reduce  the  danger  of 
injurious  action  in  service.  The  logical  deduction,  then,  is  that  the  best  reinforce- 
ment for  concrete  is  the  rod  whose  shape  gives  the  most  positive  lock  in  the  con- 
crete (it  may  be  the  one  advocated  in  the  paper)  stretched  cold  to  a  point  to  be 
determined  upon  as  the  most  economical. 

Mr.  Webb. — There  are  very  few  reinforced  concrete  buildings  now  con- 
structed which  already  have  an  age  of  ten  years.  The  real  test  is  a  matter  of 
years,  rather  than  what  the  concrete  will  do  during  the  first  month  or  two. 
That  is  why  tests  which  have  been  made  using  formed  bars  and  also  using 
plain  bars  give  nearly  the  same  results.  At  least  the  discrepancies  are  not 
very  great;  and  that  is  because  when  the  concrete  is  first  formed  the  adhesion 
certainly  is  laxge,  and  is  .perhaps  enough,  so  that  if  it  could  be  permanent  it 
would  stand  for  all  time.     I  called  attention  in  the  paper  to  the  fact  that  for 


242  Webb — Reinforced  Concrete, 

eight  years  that  building  stood  up  to  its  work  all  right,  but  at  the  end  of  dght 
years  it  began  to  fail;  and  what  I  am  expecting  is  that  as  time  goes  on  there 
will  be  more  and  more  buildings  fail  which  are  constructed  with  plain  bars, 
and  it  may  even  result  in  a  slump  in  this  sort  of  business;  people  will  be 
alarmed  at  it.  But,  nevertheless,  if  they  come  to  analyze  why  it  is,  I  think  that 
they  will  find  that  it  is  because  the  adhesion  has  failed,  and  therefore  you  must 
have  a  style  of  bar  which  does  not  depend  on  adhesion  alone. 


COMMUNICATED  DISCUSSION. 

F.  N.  Morton. — In  the  discussion  some  remarks  have  been  made  upon  the 
necessity  of  cleaning  the  steel  from  mill  scale  and  rust  before  embedding  it  in 
the  concrete.  There  is  evidence  to  show  that  there  is  no  occasion  for  this,  as 
it  would  appear  that  the  scale  was  removed  by  the  action  of  the  concrete.  In 
a  lecture  delivered  before  the  Armour  Institute,  Chicago,  last  year,  Mr.  J.  W. 
Schaub  remarked  that  when  a  rusty  bar  of  iron  is  embedded  in  cement  mortar 
it  will  be  found  at  the  end  of  fifteen  or  twenty  days  to  be  perfectly  free  from  rust, 
the  iron  apparently  giving  up  its  oxygen  to  the  cement. 

At  a  recent  meeting  of  the  Royal  Institute  of  British  Architects,  a  discusaon 
upon  the  subject  of  reinforced  concrete  brought  out  the  statement  that  oxide  of 
iron  cannot  exist  in  contact  with  concrete,  and  that  rusted  bars  embedded  in 
concrete  will,  in  the  course  of  a  month  or  so,  be  as  bright  as  new,  the  rust  having 
been  deoxidized  with  formation  of  ferrite  of  calcium,  which  forms  a  protective 
skin  around  the  bars. 
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Paper  No.  1008. 

SANITATION  OF  OFFICE-BUILDINGS. 

HENRY  LEFFMANN. 
Read  April  1, 1906. 

Some  time  ago  I  saw  a  street-car  advertisement  with  this  catch- 
phrase:  *'You  pass  as  many  of  your  waking  hours  in  your  office  as 
in  your  home ;  why  not  make  the  former  as  comfortable  as  the  latter?  " 

The  philosophy  of  the  proposition  impressed  me,  and,  together  with 
the  almost  daily  opportunity  afforded  me  during  the  last  four  years 
of  observing  the  operation  of  a  modem  office-building,  led  me  to  some 
investigations  as  to  conditions  of  comfort  and  healthfulness  to  be 
found  therein. 

Without  doubt  modem  constmction  has  improved  these  conditions 
in  some  respects.  The  old-fashioned  office,  generally  adapted  from 
an  abandoned  fashionable  residence,  was  dingy,  badly  ventilated, 
badly  heated,  and  poorly  provided  with  what  are  now  ordinary  con- 
veniences. It  is,  however,  entirely  consistent  with  modem  progress, 
that  what  is  gained  in  one  direction  is  lost  in  another.  The  old-fash- 
ioned office  had  an  element  of  independence  and  individuality.  The 
conditions  were  fairly  under  control  of  the  occupant.  The  modem 
building  exemplifies  the  commimal  tendency;  the  tenant  is  merely 
one  of  many. 

In  presenting  this  note,  for  it  is  nothing  more,  I  wish  to  be  direct 
and  specific.  I  have  noted  some  conditions  in  office-buildings  which 
I  think  should  be  condenmed,  and  I  propose  to  do  this. 

The  most  important  questions  for  the  tenant  are  the  water-supply 
and  the  drainage.    In  a  city  such  as  Philadelphia  the  former  is  pri- 
marily bad,  and  in  the  highest  type  of  office-buildings  installations  are 
made  to  remedy  it.    These  sometimes  extend  only  to  furnishing  a 
filtered  water,  but  in  some  cases  an  artificially  cooled  supply  is  also 
installed.    The  question  at  once  arises  as  to  what  guarantee  the  ten- 
ant has  that  this  filtration  is  more  than  nominal.    It  is  ^^^^  ^«11 
known  that  the  filters  commonly  installed  on  a  small  sea' 
off  in  bacterial  efficiency  and  give  no  warning.    When, 
to  the  filtration,  a  cooled  water  is  supplied,  the  question  be 
more  momentous.    How  is  the  cooling  done?    If  it  is  dc 
manner  of  railroads  and  steamboats,  by  dumping  ice  into 
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taining  unfiltered  or  roughly  filtered  water,  the  danger  to  public  health 
is  evident. 

Even  when  the  tenant  uses  the  old-fashioned  water-cooler  the  pro- 
tection is  apt  to  be  slight.  In  office-buildings  in  which  this  system 
is  used  ice  is  deUvered  in  blocks  of  assorted  sizes  at  an  early  hour  in 
the  morning.  In  some  cases  these  are  simply  dumped  on  the  pave- 
ment to  be  taken  in  when  opportunity  offers  or  when  the  janitor  is 
ready.  In  other  cases^  as  in  the  building  in  which  I  am  located,  metal 
buckets  are  used.  This  latter  method  seems  neater,  but  it  is  not  likely 
to  be  so.    I  recall  here  the  lines  in  Goldsmith^s  "Deserted  Village": 

"  The  bed  contrived  a  double  debt  to  pay, 
A  bed  by  night,  a  chest  of  drawers  by  day." 

So  these  buckets,  apparently  clean,  hold  the  ice  in  the  morning,  and 
perhaps  the  slops  of  the  corridor  and  office  scrubbing  in  the  afternoon. 
The  pieces  of  ice  are  often  rinsed,  but  rinsing  with  Schuylkill  water 
is  scarcely  to  be  called  cleaning.  We  may  have  some  hope  of  better 
things  in  this  respect,  but  even  filtration  of  the  city  water-supply  will 
not  wholly  remedy  the  trouble,  for,  as  I  know  by  observation,  the  rins- 
ing is  often  done  in  the  wash-basins  in  the  toilet^rooms. 

To  avoid  the  danger,  as  well  as  the  disgust  which  the  knowledge 
of  these  practices  has  provoked,  I  have  for  some  years  followed  the 
plan  of  using  the  ice  only  by  intermediate  contact,  that  is,  placing  it 
in  a  small  tank  with  a  bottle  of  water  of  known  purity.  The  tempera- 
ture is  not  as  low  as  that  obtainable  by  direct  admixture  of  ice  with 
water,  but  it  is  quite  low  enough;  indeed,  there  is  no  reasonable  doubt 
that  extremely  cold  water  is  unwholesome. 

The  ventilation  and  heating  of  these  buildings  are  problenas  too 
extensive  to  be  more  than  touched  upon  in  this  communication.  For- 
tunately the  economy  and  convenience  of  steam  or  hot^water  systems 
have  led  to  their  general  installation,  and  thus  the  professional  man 
finds  at  least  one  advantage  of  his  office  over  his  home:  he  is  not 
obliged  to  breathe  the  emanation  of  a  hot-air  roister. 

The  ventilation  is  more  or  less  unsatisfactory^  in  the  inclement  sea- 
sons of  the  year,  but  it  is  usually  at  least  as  good  as  the  home,  and 
as  the  total  number  of  hours  of  occupation  of  the  office  per  day  aver- 
ages less  than  that  of  the  home,  the  condition  is  a  little  in  favor  of 
the  former  in  this  respect. 

The  toilet-room  conditions  have  greatly  improved  of  late  years. 
The  open  plumbing  and  the  almost  total  relinquishment  of  woodworic 
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have  simplified  the  condition  of  cleaning  and  have  also  restricted  the 
development  of  insect-life.  The  wooden  inclosures  fonneriy  r^arded 
as  essential  presented  abundant  opportunities  for  the  multiplication 
of  roaches,  ants,  and  similar  insects.  The  introduction  of  metal, 
cement,  and  terrarcotta  construction  has  restricted  very  much  the  in- 
vasion of  rate  and  mice.  Only  those  who  have  followed  rather  closely 
the  sanitary  studies  of  recent  years  can  realise  how  these  house  ver- 
min are  connected  with  the  distribution  of  disease.  K  the  money 
spent  in  any  recent  war  had  been  expended  in  a  war  of  extermination 
against  mosquitos,  flies,  mice,  and  rate,  great  benefit  would  have  re- 
sulted to  mankind. 

The  condition  of  the  cellar  of  an  office-building  is  a  matter  of  im- 
portance, yet  it  is  one  about  which  very  few  tenante  concern  them- 
selves. It  has  been  brought  strongly  to  my  notice  because  I  have 
been  obliged  to  keep  some  articles  of  occasional  use  in  the  cellar,  and 
have  been  obliged  to  go  there  occasionally.  Cellars  are  rarely  in  good 
condition  anjrwhere,  but  in  office  and  institutional  buildings  in  active 
use  they  are  the  receptecles  of  all  kinds  of  discarded  and  broken-do\\Ti 
material.  Old  paper,  rags,  broken  desks  and  chairs,  bottles,  boxes 
— in  short,  a  thousand  and  one  things  that  should  have  been  burned 
or  sent  to  the  waste-utilizing  works.  In  the  compact  mass  of  these 
articles  vermin — large  and  small — find  a  home,  fungi  grow  and  im- 
pregnate the  ventilating  shaft  with  their  spores.  I  have  often  been 
puzzled  by  the  indifference  exhibited  by  the  insurance  companies  to 
the  cellar  conditions.  They  are  not  interested  in  the  sanitary  aspect, 
but  the  fire-risk  is  much  increased  by  the  accumulation  of  rubbish. 
In  the  intereste  of  safety  to  health  and  property,  the  use  of  cellars 
for  storage  of  anything  but  materials  used  in  the  operation  of  the 
building  should  be  forbidden. 

It  cannot  be  at  present  expected  that  the  owners  and  operators 
of  office-buildings  should  do  more  than  maintain  the  routine  cleanli- 
ness of  toilet-rooms,  but  every  user  of  them  should  bear  in  mind  the 
dangers  of  communal  use  in  such  matters.  Few  outeide  of  the  medi- 
cal profession  know  of  the  resulte  of  venereal  disease  or  of  the  possibil- 
ities of  communication  through  circumstances  other  than  those  for 
which  the  individual  is  responsible.  The  condition  is  one  of  those 
unfortunate  ones  in  which  a  few  see  the  danger  but  cannot  arouse  a 
general  interest  in  the  stringent  measures  necessary  for  complete  re- 
form. One  point,  however,  in  regard  to  sinks  and  other  toilet  arrange- 
mente  that  is  receiving  better  attention  of  late  years  is  the  matter  of 
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light.  It  used  to  be  thought  sufficient  to  put  such  things  in  any  dark, 
un ventilated  comer.  In  such  places  dirt  is  allowed  to  accumulate,  but 
when  they  are  well  lighted  the  neglect  is  apparent  and  the  esthetic 
sense  will  often  prompt  a  protest  even  if  the  sanitary  consciousness 
does  not.  The  cleaning  methods  of  office-buildings  will  bear  con- 
siderable improvement.  So  far  as  the  toilet-rooms  are  concerned,  it 
would  be  well  if  they  .were  so  constructed  as  to  permit  of  complete 
washing  with  a  stream  of  water  thro^vn  over  everything  bdow  six 
feet  from  the  floor,  the  room  bping  drained  so  that  the  water  will  run 
off  completely. 

In  the  routine  cleaning  of  offices  and  corridors  the  opportunity  for 
improvement  is  also  presented  and  the  means,  thereto  are  at  hand. 
The  methods  in  vogue  in  most  buildings  are  substantially  those  that 
were  probably  used  in  the  Temple  Library  at  Nippur  when  the  brick- 
dust  was  swept  up,  possibly  by  the  unfortimate  Lushtamar,  the  ad- 
dressee of  the  letter  that  never  came.  Within  the  past  few  years  a 
system  has  been  devised  that  is  so  simple  that  it  is  a  wonder  it  was 
not  devised  long  ago.  The  vacuum  system  of  removing  dust  is  the 
proper  one  for  this  work.  It  gets  rid  of  the  material.  The  ordinary 
system  merely  stirs  it  up  from  day  to  day. 

Some  sanitary  questions  in  regard  to  office-buildings  rest  with  the 
tenants  individually,  not  with  owners  or  operators.  One  of  these  is 
the  matter  of  ordinary  neatness  and  care  in  the  use  of  rooms,  cor- 
ridors, and  elevators.  I  have  seen  anti-spitting  notices  in  elevator- 
cars,  and  on  inquiry  have  learned  that  even  these  requests  did  not 
succeed  with  all  persons.  The  tenant  of  an  office  adjoining  mine  was 
a  flagrant  violator  of  propriety  in  this  respect,  spitting  without  re- 
straint on  the  floors  of  offices,  corridors,  and  elevator-cars.  He  wss 
an  inveterate  smoker,  and  I  think  there  is  not  infrequently  a  relation 
of  cause  and  effect  in  this. 

Among  the  improvements  to  which  these  large  buildings  are  sus- 
ceptible, the  utilization  of  the  roof  has  seemed  to  me  worth  consider- 
ing. Such  suggestion  will,  with  many  persons,  carry  with  it  the  con- 
comitants of  beer  and  vaudeville,  but  it  seems  rational  to  make  some 
use  of  the  large  area  which  the  roof  offers.  I  never  see  the  new  Cen- 
tral High  School  without  regretting  that  the  large  roof  surface  was 
not  utilized  for  a  playground.  Such  plan  is  practicable  and  advant- 
ageous. In  ancient  times  the  people  used  to  enjoy  themselves  on  the 
house-top,  and  the  denizen  of  the  modem  city  might  do  the  same. 

I  have  sought  here  to  call  attention  to  some  of  the  defects  that  I 
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have  observed  in  the  modem  rookeries  that  are  so  marked  a  feature 
of  city  life.  The  estimable  gentleman  whose  statue  overlooks  the  city 
from  the  apex  of  the  CSty  Hall  intended  that  Philadelphia  should  be 
a  ** green  country  town."  He  would  be  much  astonished  if  he  could 
see  it  now,  but  his  feelings  would  probably  be  more  admiration  and 
approval  than  condemnation,  yet  we  must  not  allow  ourselves  to  be 
blinded  by  the  appearance  of  material  progress.  In  the  midst  of 
general  advance  in  manners,  some  of  the  objectionable  older  customs 
have  remained  and  some  new  ones  have  been  developed.  The  price 
of  health,  like  that  of  liberty,  is  eternal  vigilance.  Communal  condi- 
tions bring  convenience,  economy,  protection  of  person  and  property, 
but  they  also  bring  more  intimate  contact  and  more  facility  for  com- 
munication of  disease.  To  some  the  issue  may  seem  trifling,  but  it 
is  not  so.  The  street^car  phrase,  intended  only  to  secure  customers, 
is  true  text  for  a  sermon,  and  a  due  regard  to  it  will  save  doctors'  bills 
and  suffering.  The  cost  of  oflSces  is  such  that  the  tenant  is  entitled 
to  good  service;  the  methods  of  sanitation  are  now  well  enough  under- 
stood to  leave  no  excuse  for  their  non-observance.  Something  rests 
with  the  tenant,  and  each  one  should  practice  such  personal  methods 
as  will  not  offend  either  the  esthetic  sense  or  the  personal  safety  and 
comfort  of  his  neighbor. 

DISCUSSION. 

E.  G.  Perrot. — Can  the  authorof  the  paper  give  us  some  idea  of  the  practical 
operation  of  the  83r8tem  of  cleaning  to  which  he  referred? 

Henrt  Lsffmann. — I  have  seen  the  circulars  of  the  company  and  a  state- 
ment of  the  character  of  the  material  collected  by  the  method.  It  is  by  suction, 
drawing  the  dust  into  a  receptacle.  Each  floor,  or  other  convenient  section  of 
the  building,  has  an  attachment  to  the  general  exhaust.  Similar  s}rstems,  on  a 
small  scale,  have  been  long  in  vogue  in  laboratories,  and  no  practical  difficulty 
in  their  extension  should  exist.  The  material  collected  is,  of  course,  miscellan- 
eous in  character.  Among  the  interesting  data  given  in  the  circular  are  the 
results  of  culture  of  the  dust,  showing  many  living  microbes,  including  bacteria 
belonging  to  the  '^ pus-formers'';  that  is,  those  which  cause  boils  and  sties. 
These  microbes  are  floating  around  and  attach  themselves  to  the  skin.  By  col- 
lecting them  by  this  method  they  can  be  burned. 

This  system  is  so  great  an  improvement  upon  all  others  that  its  installation 
can  only  be  a  matter  of  a  short  time.     It  appeals  so  to  the  sense  of  cleanliness. 
The  method  of  blowing  air,  which  has  been  adopted  in  some  buildings  and  in 
some  railroad  service,  is  really  not  a  method  of  cleaning  at  all;   it  is  sir" 
method  of  raising  the  dust  temporarily;  something  like  that  which  we  s 
ried  on  in  our  streets. 

H.  A.  Foster. — Any  one  who  wishes  to  inspect  the  vacuum  method 
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it  almost  any  day  in  West  Philadelphia,  cleaning  Pullman  cars,  carpets,  etc.     I 
have  seen  it  in  operation. 

William  McOlellan. — I  think  it  can  also  be  seen  at  Wanamaker's.  It  is 
used  there  on  different  floors,  in  the  drapery  department  and  similar  places.  I 
have  noticed  the  men  at  work  at  it.  A  trough  runs  around  the  floor  and  the  dust 
is  drawn  through  this  into  the  basement.  The  exhaust  air  is  obtained  by  a 
special  form  of  pump. 

J.  C.  Wilson. — I  have  seen  the  system  in  operation  in  a  hotel  in  which  it 
was  claimed  that  it  was  successful.  I  noticed,  however,  that  it  was  not  taking 
up  much  dust  from  a  carpet  that  had  a  heavy  nap,  and  on  calling  the  operator's 
attention  to  this  fact,  he  said  that  probably  the  suction  was  being  operated  on 
another  floor.  It  seems,  therefore,  that  there  is  some  danger  of  dividing  the 
draft  so  as  to  make  it  ineffective. 

E.  M.  Nichols. — In  Indianapolis  I  saw  a  portable  suction  apparatus,  a  plant 
on  a  truck,  a  gasolene  engine,  Root's  exhauster,  etc.,  with  hose  running  up  the 
windows  in  the  building.  I  did  not  have  time  to  investigate  closely,  but  every- 
body seemed  to  think  that  it  was  effective. 

H.  Leffmann. — Of  course,  the  process  has  limitations;  the  pressure  of  the 
air  being  fifteen  pounds,  there  is  the  limitatioi>  of  the  vacuum.  Compressed  air 
can  be  carried  to  a  much  higher  pressure,  so  that  the  supply  can  be  made  more 
abundant.  The  defect  indicated  by  one  of  the  speakers  is  simply  due  to  the 
installation,  just  as  it  is  in  many  cities  with  water-supply:  the  hydrants  will 
not  run  on  every  floor,  because  there  is  not  enough  pressure.  That  could  be 
remedied  by  not  attempting  to  do  too  much  at  once.  That  is  a  part  of  the  dis- 
cipline of  the  house,  to  see  that  servants  do  not  attempt  to  sweep  many  rooms 
at  once.  The  trouble  was  not  a  defect  in  the  plant  but  in  the  method  employed 
in  operating  or  applying  it. 

W.  F.  Ballinoer. — Dr.  Leffmann  touched  upon  the  heating  and  ventila- 
tion, but  no  one  else  has  spoken  on  that  subject.  I  think  that  nearly  all  the 
oflice-buildings  are  heated  by  direct  radiation,  only  a  few  buildings  by  indirect. 
I  know  of  only  one  in  this  city  that  is  heated  by  the  coil  system;  that  is,  heating 
the  air  in  the  basement  and  having  some  method  of  getting  cold,  pure  or  screened 
air  to  the  coils,  and  then  by  means  of  fans  and  a  system  of  ducts  or  flues  sending 
it  into  all  the  oflices.  I  think  that  in  the  only  building  in  which  this  is  done 
(a  sixteen-story  building)  there  are  two  systems;  one  for  the  first  ei^t  stories, 
and  another  for  the  ninth  to  the  sixteenth  stories.  Probably  Mr.  Nichols  can 
enlighten  us  further  on  that  point;  I  have  in  mind  the  Real  Estate  Trust  Build- 
ing, which  is  heated  by  this  system.  I  know  of  many  buildings  in  which  three 
or  four  systems  are  employed,  but  I  do  not  know  how  successful  they  are  in  these 
sky-scrapers. 

Mr.  Nichols. — So  far  as  the  Real  Estate  Trust  Building  is  concerned,  I  had 
something  to  do  with  the  installation  of  that  plant,  and  it  is  the  only  large  oflice- 
building  in  the  city  that  has  one  in  operation.  In  the  original  building,  which 
was  on  the  comer,  there  was  only  one  set  of  fans,  which  supplied  the  entire  build- 
ing to  the  top  floor.  There  was  some  complaint  at  times  in  regard  to  the  results, 
but  as  a  general  proposition  I  think  that  the  tenants  are  well  pleased.  It  is  not 
an  automatic  apparatus  except  in  a  few  rooms  in  which  the  engineers  designed 
and  installed  such  a  form  as  a  matter  of  convenience  in  order  to  investigate  it. 
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The  origiiuJ  plant  put  in  for  controlling  the  temperatures  in  the  rooms  did  not 
seem  to  give  the  greatest  success.     It  is  now  done  largely  by  hand. 

I  am  not  so  familiar  with  the  installation  of  the  plant  in  the  new  building, 
having  had  nothing  to  do  with  it,  but  I  believe  it  has  given  some  trouble.  Each 
floor  has  a  s^Murate  duct  leading  from  the  basement.  The  flues  are  carried 
above  a  false  ceiling  in  the  corridors,  and  they  branch  out  underneath  near  the 
ceihng  of  the  rooms,  and  each  room  has  its  exhaust  ventilators  at  the  base- 
board. In  the  outlet  they  have  a  large  exhaust  fan  which  to  a  certain  ext^it 
exhausts  the  vitiated  air  and  helps  to  ventilate,  but  that  does  not  araoimt  to 
much  in  this  installation,  it  being  almost  entirely  a  process  of  forcing  the  air  in. 
The  only  criticism  I  have  ever  heard  is  that  those  who  operate  it  say  it  takes  a 
tremendous  amount  of  fuel  to  heat  the  building. 

C.  H.  Ott. — The  City  Hall  is  heated  by  that  particular  system  as  described, 
and  has  been  for  some  twenty  years,  I  think. 

The  Presidknt. — This  is  a  very  interesting  subject  for  discussion,  and,  as 
has  been  stated  by  one  of  the  speakers,  the  matter  of  cost  governs  largely  in 
buildings  of  that  nature.  If  any  one  has  any  comparative  data  showing  the 
cost  of  the  two  systems,  I  think  the  figiu'es  would  be  of  interest  in  this  connec- 
tion. I  suppose  it  is  a  matter  that  none  of  us  will  question,  that  the  indirect 
system  will  cost  more  than  the  direct  S3rstem,  but,  as  applied  to  high  buildings, 
possibly  not  many  of  us  have  data  at  hand. 

Mr.  Foster. — Some  years  ago  I  had  quite  an  intimate  connection  with  a 
building  out  of  town  that  was  heated  in  this  manner,  and  there  was  very  serious 
fault  found  with  it  as  to  the  matter  of  cleanliness.  It  seemed  to  be  utterly  im- 
possible by  any  method  of  filtering  or  washing  the  air  to  take  out  all  the  fine 
particles  of  dust.  It  was  frequent  during  the  day  to  have  to  wipe  it  off  the 
books.  Possibly  the  apparatus  was  imperfect,  but  I  know  that  measures  were 
taken  to  eliminate  the  dirt,  and  the  engineer  spent  a  large  amount  of  time  de- 
vising different  kinds  of  nozzles  to  wash  the  air,  and  also  tried  cheesecloth  screens 
of  all  kinds.  The  air  was  taken  up  about  fifty  feet  from  the  ground.  In  that 
town,  which  was  rather  smoky,  it  was  found  very  difiicult  to  keep  the  air  clean 
enough  so  as  not  to  cause  discomfort  in  the  rooms.  But  the  heating  was  almost 
perfect. 

M.  R.  Pew. — I  have  an  oflice  in  the  Real  Estate  Trust  Building,  and  have 
not  noticed  trouble  with  dirt.  The  ventilation  is  excellent  and  we  are  located 
on  the  thirteenth  floor,  so  we  do  not  get  any  street  dust.  The  only  thing  that 
has  proved  annoying  is  the  noise.  When  the  heat  is  turned  on  in  our  rooms  (I 
do  not  know  about  the  majority  of  them,  but  both  of  our  offices  have  automatic 
controlling  apparatus)  as  soon  as  the  thermometer  gets  below  70  degrees,  we 
suddenly  hear  a  roar,  beginning  as  the  heat  comes  in,  and — especially  in  using 
the  telephone — it  is  sometimes  exceedingly  annoying  to  hear  that  constant  roar- 
ing. In  cold  weather  it  is,  of  course,  much  more  noticeable  than  when  the 
weather  becomes  milder.  The  noise,  however,  has  been  very  frequently  quite 
annoying. 

Mr.  Ballinger. — ^The  noise  to  which  Mr.  Pew  refers  may  have  been  the 
working  of  the  electric  thermostat  which  operates  to  close  the  register,  allowing 
the  air  to  come  in  or  out ;  but,  if  so,  it  would  only  last  a  very  short  time.  Mr.  Fos- 
ter just  spoke  about  the  condition  of  dirt.     He  made  the  remark,  however,  thaf 
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it  was  in  a  smoky  town.  I  happen  to  have  had  some  experience  with  this  method 
of  cleaning  and  ventilating,  and  where  we  have  taken  the  air  from  a  height,  such 
as  he  mentioned,  of  fifty  feet  above  the  ground,  we  have  not  had  much  difficulty 
from  dirt,  especially  after  passing  it  through  cheesecloth  screens.  I  think  that 
is  done  in  the  Real  Estate  Trust  Building  here.  They  are  made  in  accordion 
style  of  frames — that  is,  zigzag,  so  as  to  get  a  very  great  area.  If  a  screen  is 
simply  put  flat  across  the  inlet,  it  will  not  pass  a  sufficient  quantity  of  air.  The 
method  is  more  or  less  effective;  that  is,  in  the  washing  apparatus,  probably 
more  effective.  I  saw  a  washing  apparatus  to-day  in  operation  in  a  laundry. 
And  the  proprietor  informed  me  that  it  is  very  effective.  This  is  used  especially 
in  the  simmier-time,  both  for  cooling  the  air  and  washing  it,  so  as  not  to  get  the 
dirt  from  the  street  or  otherwise  on  the  laundried  goods.  A  mass  of  coke  18 
inches  thick  with  a  height  of  about  8  feet  and  10  feet  wide  is  in  a  sort  of  cage; 
water  runs  over  this  and  a  centrifugal  fan  sucks  air  through  it  into  the  building. 
Such  a  method  as  that  might  be  tried  for  heating  or  cooling.  I  think  this  system 
of  heating  gives  purer  air  in  a  building,  and  this  will  keep  people  awake  and 
lively. 

Mr.  Nichols. — There  is  a  building  next  door  to  us  here  that  has  the  direct- 
indirect  system,  which  was  installed  a  few  years  ago,  and  it  was  regarded  as 
a  considerable  nuisance  on  account  of  the  uncertain  method  in  which  the  appara- 
tus was  handled,  and  the  liability  of  pipes  freezing  if  shut  off  in  cold  weather. 
The  most  satisfactory  system  for  heating  any  building  is  the  combination  of  the 
two;  that  is,  enough  of  the  indirect  to  give  sufficient  ventilation  for  sanitary 
purposes  only,  with  an  additional  direct  radiating  surface  in  the  room  to  bring 
up  the  temperature  when  it  is  required.  That  gives  the  most  satisfactory  service 
of  all. 

I  think  that  the  noise  complained  of  by  one  of  the  speakers  is  entirely  due  to 
the  very  high  velocities  used  at  times.  I  think  he  will  notice  it  to  be  greatest 
in  cold  weather,  when  the  fans  are  running  at  high  velocity,  in  order  to  supply 
enough  hot  air  to  heat  the  rooms  properly.  That  is  one  of  the  difficulties  that 
arise  in  extremely  cold  weather.  A  pressure  which  generates  a  velocity  into 
the  rooms  as  high  as  700  feet  per  minute  will  make  a  considerable  noise.  With 
a  velocity  of  more  than  300  feet  per  minute  noise  is  pretty  sure  to  be  developed. 

Mr.  Ott. — What  would  be  the  proper  temperature  for  an  office-building,  and 
what  for  a  dwelling? 

H.  Leffmann. — I  do  not  know  that  I  can  answer  that.  The  room  tem- 
perature is  put  by  some  authorities  as  high  as  77  degrees.  Perhaps  that  is  a 
little  high  for  many  persons.  I  think  very  much  depends  upon  personal  feel- 
ings, and  upon  the  condition  of  the  individual.  Probably  it  should  not  be  below 
70  degrees,  and  it  should  not,  of  course,  be  above  80  degrees.  Somewhere  be- 
tween those  two  points  would  doubtless  be  a  satisfactory  temperature,  but  there 
are  so  many  conditions  that  no  definite  figure  can  be  made  out.  An  active  man 
in  the  best  of  health  will  resist  the  cool  air.  On  the  other  hand,  even  a  man  in 
good  health,  in  an  office,  and  to  a  certain  extent  working  under  a  low  pressure, 
in  a  relaxed  condition,  probably  will  need  a  little  higher  temperature.  I  think 
Mr.  Nichols  is  right  in  his  views  that  a  combination  of  the  two  methods  of  heating 
is  a  remedy.  Personally,  I  am  very  much  in  favor  of  a  radiating  object  in  the 
room,  not  relying  entirely  upon  the  filling  of  the  room  with  warm  air  flowing  in, 
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but  relying  upon  a  fairly  heated  but  not  very  hot  surface.  This  was  one  of  the 
advantages  of  the  old-fashioned  stove;  it  was  a  radiating  surface  as  well  as  a 
ventilating  machine.  When  the  door  was  opened  the  air  was  drawn  up  through 
the  fire,  and  a  certain  amount  of  ventilation  was  thus  obtained. 

J.  B.  Hutchinson. — It  occurred  to  me  that  sometimes  we  are  apt  to  be  a 
little  too  warm.  In  the  smnmer-time,  when  the  thermometer  is  about  76  de- 
grees, when  we  are  dressed  lightly  with  thin  clothing  we  are  fairly  comfortable, 
and  yet  here  we  are  in  the  winter  season,  wearing  heavy  clothing  with  the  ther- 
mometer up  to  75  degrees,  and  many  of  us  are  comfortable.  As  for  myself,  I 
alwajTs  feel  more  comfortable  when  the  temperature  gets  down  to  60  degrees. 

H.  Leffmann. — It  should  not  be  forgotten  that  the  discomfort  of  a  warm 
day,  as  when  the  temperature  is  as  high  as  98  degrees,  as  in  midsummer,  is  not 
due  to  the  temperature  alone,  but  also  to  the  saturation  of  the  air  with  moisture 
— ^the  hiunidity.  When  the  air  is  hiunid  the  heat  or  cold  is  felt  more  than 
when  the  air  is  dry.  A  temperature  of  100  degrees  can  be  borne  in  some  parts 
of  this  country  easily.  When  the  perspiration  evaporates  rapidly,  the  body  is 
able  to  resist  the  heat.  The  same  holds  true  when  the  temperature  is  extremely 
low  and  the  air  damp,  or  when  the  temperature  is  high  and  the  air  humid.  In 
both  those  conditions  the  surface  of  the  body  is  not  able,  owing  to  lack  of  evapo- 
ration, to  resist  the  cold  or  heat,  as  the  case  may  be,  and  hence  a  sense  of  discom- 
fort, not  wholly  due  to  the  temperature,  comes  into  play. 

A  MxMBER. — Bearing  out  what  Dr.  Leffmann  just  said — while  South  recently 
I  wanted  to  see  some  of  the  ooimtry,  and  I  took  a  bicycle  ride,  and  if  I  remember 
correctly,  the  temperature  was  128  degrees  in  the  sun.  I  rode  about  six  miles 
and  did  not  feel  any  more  discomfort  than  I  have  here  when  the  temperature 
was  98  degrees,  the  air  there  being  drier  and  the  climate  of  a  different  nature. 

Thb  President. — Probably  the  effect  of  the  humidity  or  dampness  of  the 
atmosphere  on  the  temperature  required  for  comfort  is  seen  by  a  comparison  of 
English  and  American  text-books  on  heating  and  ventilation.  In  England  the 
temperatures  recommended  are  from  7  to  10  degrees  lower  than  those  recom- 
mended in  America,  which  are  70  to  73  degrees.  The  humidity  of  the  English 
climate  is  not  paralleled  in  general  in  our  country,  and  we  require,  therefore,  for 
satisfaction  and  ease,  a  higher  degree  than  would  be  required  in  that  damp 
climate. 


COMMUNICATED  DISCUSSION. 

Wm.  Copeland  Furber. — In  discussing  a  broad  subject  such  as  the  one  Dr. 
Leffmann  has  presented  to  us,  it  is  but  fair  that  the  observations  be  based  on 
more  than  one  building.  Without  intending  to  take  one  building  as  typical  of 
the  whole,  I  fear  that  the  author  of  the  paper  has  unconsciously  fallen  into  this 
error,  and  from  the  conditions  he  describes  it  is  not  hard  to  loc-^"  ***"  ^--^Uding 
on  which  he  bases  his  observations. 

In  a  general  way,  it  may  be  said  that  the  maintenance  o  ig 

is  like  keeping-house,  and  because  some  houses  are  poorly  k<  o 

infer  that  all  houses  are  badly  kept.     The  building  I  thin!  \ 

mind  is  probably  one  of  the  original  office-buildings  in  this 
to  planning  and  Sanitation  is  far  below  the  accepted  standard 
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ing  from  a  wide  knowledge  of  the  mechanical  and  sanitary  equipments  of  office- 
buildings  in  this  city  and  elsewhere,  I  think  it  can  be  safely  said  that  the  staiKiard 
of  cleanliness  is  very  high.  The  equipment  of  modem  office-buildings  leaves 
little  to  be  desired.  They  are  usually  designed  by  men  of  ample  knowledge  and 
experience  and  no  stint  is  put  upon  the  expenditure  of  money  to  secure  the  best 
results. 

Filtration  of  the  water-supply  is  usually  made  by  means  of  one  of  the  mechan- 
ical filters,  and  if  properly  cared  for  should  afford  good  results.  In  the  more 
recent  and  larger  office-buildings  the  water-supply  is  filtered  and  cooled  by  re- 
frigerating apparatus,  which  is  similar  to  the  apparatus  employed  in  ice-snaking 
plants.  Unless  gross  carelessness  is  permitted  there  is  little  or  no  danger  of  conr 
tamination  or  infection — and  here  again  it  becomes  a  question  of  good  house- 
keeping. 

In  some  of  the  smaller  and  older  office-buildings  which  do  not  contain  a  com- 
plete mechanical  equipment,  and  where  light  and  power  are  obtained  from  the 
outside,  a  lower  class  of  labor  is  employed,  and  such  buildings  are  usually  the 
ones  where  lax  conditions  prevail. 

If  a  visit  be  made  to  the  first-class  office-buildings  in  this  or  any  other  city, 
the  basements  and  mechanical  departments  will  be  found  to  compare  favorably 
in  regard  to  cleanliness  and  appearance  with  that  of  the  mechanical  department 
in  the  hold  of  a  first-class  passenger  steamship.  A  good  engineer  usuaUy  takes 
very  good  care  of  his  mechanical  plant,  and  therefore  takes  pride  in  showing  it. 
Some  of  the  more  pretentious  office-buildings  make  the  engine-room  and  joase- 
ment  a  sort  of  show  place,  and  tenants  are  welcomed  to  inspect  it. 

The  organization  of  a  large  office-building  is  a  complex  one,  and  may  be  said 
to  resemble  that  of  a  ship.  Tlie  man  in  charge  of  the  building  is  designated  ''Chief 
Engineer"  or  "Superintendent,"  and  every  one  employed  in  the  building  reportfl 
to  him.  The  Superintendent  has  entire  charge  of  the  building,  purchases  all 
supplies,  such  as  coal,  oil,  lamps,  waste,  soap,  and  paints,  and  the  thousand  and 
one  things  needed  to  supply  (md  repair  the  building.  Sometimes  he  rents  the 
offices  and  deals  directly  with  the  tenants.  Under  him  come  the  engineer,  the 
electrician,  the  firemen,  the  painters,  the  plumbers  and  steam-fitters,  the  carpen- 
ters, the  window-cleaners,  and  the  janitor  and  scrubwomen.  The  janitor,  usu- 
ally a  man,  supervises  the  scrubwomen  and  office-cleaners,  who  report  for  work 
about  four  in  the  afternoon,  work  until  eight  in  the  evening,  return  at  seven  the 
following  morning,  and  work  until  9  a.  m.  These  women  sweep  and  clean  the 
offices  at  night  and  dust  them  the  following  morning.  They  also  scrub  the 
marble  floors  and  stairways  and  do  whatever  cleaning  is  necessary.  In  a  large 
building  a  great  deal  of  repair  work  is  constantly  going  on  which  requires  car- 
penters, painters,  electricians,  pipe-fitters,  and  machinists;  in  the  smaller  build- 
ings these  functions  are  performed  by  one  or  two  men,  while  the  large  buildings 
have  men  of  almost  every  building  trade. 

In  the  matter  of  plumbing  fixtures  and  equipment,  the  modem  office-building 
is  very  complete;  the  latest  development  of  sanitary  science  being  almost  uni- 
versally employed,  and  the  rigid  rules  of  the  Health  Boards  leave  little  room  for 
laxity  in  sanitary  requisites. 

In  the  sweeping  of  offices  and  apartments  the  newly  devised  syst^n  of  vacuum 
exhaust,  referred  to  in  the  paper,  is  a  great  advance  on  the  method  of  the  broom. 
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to  provide  means  of  choosing  the  most  economical  equipment  and 
schedule;  and  second,  to  predetermine  with  some  degree  of  accuracy, 
power  conditions,  both  of  generation  and  distribution,  so  that  con- 
struction may  go  on  with  no  doubt  as  to  the  outcome.  No  mistake 
should  be  made  relative  to  the  standpoint  in  this  matter.  Mere 
inspection  of  a  power-time  curve  for  a  given  run  does  not  furnish 
the  final  criterion.  Power  economy  does  not  fix  the  choice  of  motors 
or  settle  matters  of  schedule.  Far  and  above  ever\'thing  else  is  traffic. 
It  must  be  remembered  that  cost  of  power  is  not  the  largest  expense 
in  railroad  work,  and  that  it  does  not  increase  at  all  in  proportion  to 
traffic.  Therefore  we  are  not  after  the  run  which  gives  the  least  power, 
but  the  one  that  increases  the  passenger  and  tonnage  account.  Never- 
theless, after  the  schedule  has  been  determined  the  electrical  engineer 
must  see  to  it  that  the  car  makes  it  with  the  least  possible  expense. 
It  should  not  be  forgotten,  in  this  connection,  that  the  matter  is  as 
much  a  matter  of  operation  as  design.  It  is  an  easy  matter  to  arrange 
a  run  with  a  certain  succession  of  accelerations,  drifts,  and  braking 
portions,  but  some  scheme  must  be  devised  that  will  hold  the  man 
at  the  controller  to  this  run  as  arranged.  In  a  measure  time  points 
will  eliminate  this,  but  he  w^ill  still  be  able  to  waste  poWer  by  cutting 
out  the  drifting  portion  of  the  curve. 

The  striking  point  in  connection  with  the  discussion  of  this  whole 
problem  is  the  great  lack  of  data.  This  Is  not  merely  so  in  regard 
to  the  particular  points  discussed  in  this  paper.  As  average  speeds 
increase,  and  therefore  rapidity  of  acceleration,  especially  with  fre- 
quent stops,  many  features  of  train  problems  become  relatively  more 
important.  The  limit  to  acceleration  is  the  comfort  of  the  passenger. 
This  is  to  be  remembered  particularly  in  connection  with  suburban 
work.  A  passenger  does  not  complain  much  of  a  little  jolting  at  the 
beginning  and  end  of  an  hour's  run,  but  the  same  thing  happening 
every  five  minutes  is  likely  to  be  resented.  To  accomplish  both  high 
speed  and  comfort  of  passenger,  problems  must  be  approached  more 
definitely  than  they  have  been  frequently  in  the  past.  It  is  rather 
striking  that  in  connection  with  the  first  real  substitution  problem, 
one  of  our  largest  railroads  had  to  borrow  a  dynamometer  car.  Not- 
withstanding this,  motive  power  men  know  to  a  nicety  what  their 
locomotives  will  do.  The  yard  master  has  his  instructions,  and  loads 
each  engine  to  a  definite  amount.  If  more  is  to  be  sent,  other  trains 
are  made  up  in  the  same  way,  as  long  as  there  is  a  locomotive  of  the 
right  type  in  the  yard.  The  criticism  has  been  made  that  steam 
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It  would  be  a  very  bold  and  probably  a  very  foolish  person  who 
would  attempt  much  of  a  prophecy  as  to  even  the  immediate  future 
of  electric  traction.  From  the  ordinary  electric  street-car  of  but  a 
few  years  ago  we  have  advanced  to  the  recent  development  of  the 
heaviest  locomotive  service.  Apparently  we  have  opened  up  or 
broken  ground  in  every  field  in  which  this  branch  of  industry  may 
exert  itself.  Not  only  has  this  new  engineering  come,  but  also  a  new 
engineer.  A  large  class  of  men,  with  little  experience  in  what  may 
be  called  practical  railroading,  have  attacked  the  most  complex  prob- 
lems in  this  branch  of  work  and  solved  them  satisfactorily.  While 
they  have  made  free  use  of  the  large  amount  of  experience  and  infor- 
mation obtained  by  the  workers  in  steam  railroading,  certain  peculiar 
features  of  their  problems  have  caused  them  to  develop  along  some- 
what different  lines,  and  invent  somewhat  different  methods.  A  dis- 
cussion of  these  is  the  purpose  of  this  paper.  There  is  no  sharp  line 
of  division  between  "Heavy"  and  any  other  form  of  electric  traction. 
The  term  has  been  used  often  but  never  defined.  It  has  been  tacitly 
assumed  to  include  all  service  which  is  comparable  in  schedule,  speed, 
and  load  with  what  we  mean  when  we  say  **  railroad." 

There  seems  no  doubt  that,  in  the  near  future,  many  railroads  will 
substitute,  either  wholly  or  in  part,  electricity  for  steam  as  a  motive 
power.  This  does  not  mean  that  there  will  be  any  very  rapid  change. 
For  many  years,  however,  almost  all  railroads  have  managed  certain 
species  of  short  haul  and  small  schedule  traffic  with  little  or  no  profit, 
and  there  has  seemed  to  be  no  remedy.  Time  after  time  diflferent 
roads  have  tried  motor-cars  of  various  types,  but  have  not  succeeded 
in  mending  matters.  In  late  years  the  competition  of  electric  roads 
has  aggravated  the  trouble  and  now  a  solution  is  almost  demanded 
in  many  places.  As  a  result  we  hear  much  more  than  usual  about 
gasoline  cars,  steam  cars,  electric  cars  with  generating  plants  on  board, 
compressed-air  cars  and  the  like.  No  one  can  say  with  certainty,  just 
now,  from  what  direction  the  final  solution  will  come;  but  it  is  probable 
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that  the  trolley  in  some  form  will  win  out,  unless  the  much-longed- 
for,  diirable,  light,  eflScient  storage  battery  appears.  The  action  of 
several  of  our  great  Eastern  roads  in  acquiring  electric  systems  as 
feeders  or  otherwise  is  a  sure  indication  of  the  trend  of  thought  and 
policy.  It  is  certain  that  while  there  may  be  other  methods  that 
will  solve  the  problem,  the  electric  system  has  advantages  in  these 
critical  cases  that  no  other  system  possesses. 

No  one  has  shown  that  the  electric  system,  imder  all  circumstances, 
is  able  to  withstand  the  steam  locomotive  on  its  own  groimd,  that 
is,  modem  tnmk  line  and  freight  service.  As  long  as  we  do  not  de- 
mand too  rapid  acceleration,  and  average  speeds  greater  than  60 
miles  per  hour,  with  few  stops,  the  steam  locomotive  is  a  worthy 
competitor,  to  speak  very  mildly.  Moreover  the  steam  locomotive 
is  not  deteriorating,  but  is  making  very  decided  progress.  Thousands 
of  dollars  are  being  spent  today  on  experimental  investigations  for 
its  improvement.  And  this  is  being  done  by  men  for  whose  foresight 
we  have  the  greatest  respect.  A  fine  view  of  the  new  elevated  freight 
line  of  the  P.  R.  R.  can  be  had  from  the  oflSce  of  the  writer,  and  he 
has  a  continuous  object-lesson  in  the  hauling  capacity  of  the  steam 
locomotive.  There  are  other  conditions,  however,  that  are  hastening 
a  change  which  are  now  receiving  scant  attention.  For  example,  a 
road  that  is  in  the  vicinity  of  a  large  water-power,  and  this  means 
within  one  hundred  miles,  thanks  to  modem  methods  of  power  trans- 
mission, would  find  the  change  more  profitable  than  one  that  would 
have  to  haul  its  coal  under  any  plan.  Again,  in  most  mountain  regions 
there  are  numerous  small  water-powers,  that  separately  amount  to 
nothing,  but  which  if  developed  and  brought  into  one  system,  would 
prove  valuable  properties.  These  small  water-powers  would  be  espe- 
ciaDy  valuable  to  railroads  on  account  of  the  distribution  6f  loads 
over  considerable  areas.  Certainly  the  enormous  amount  of  power 
thus  represented  will  not  always  be  allowed  to  waste,  for  a  feasible 
plan  for  utilizing  it  can  be  found.  It  is  a  serious  question  if  it  would 
not  pay  many  roads  to  acquire  possession  of  some  of  the  more  im- 
portant of  these  properties  now.  In  referring  to  conditions  that  act 
to  bring  about  the  change,  we  do  not  discuss  those  comparatively 
few  cases  where  roads  have  been  forced  to  adopt  electricity  on  account 
of  municipal  pressure,  stress  of  public  opinion,  and  the  like.  Nor  do 
we  discuss  the  tremendous  influence  the  present  enormous  investment 
in  steam  systems  has,  both  in  apparatus  and  trained  operator 
preventing  a  rapid  change. 
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The  question  of  change  of  equipment  is  now  a  matter  of  finance, 
rather  than  of  engineering.  Electrical  engineers  are  ready  to  equip 
any  kind  of  road,  no  matter  how  heavy  the  service,  with  electric 
power.  As  intimated  before,  however,  the  most  conservative  are  not 
ready  to  guarantee  equal  economy  under  all  conditions.  The  par- 
ticular motor  system  to  be  adopted  would  naturally  have  a  great 
influence  on  this  latter  factor.  Just  at  present,  classifying  them  very 
generally,  there  are  five  different  systems  offered  for  adoption. 
These  are: 

(1)  The  Direct  Current  System,  such  as  is  used  on  most  of  our  street 
railway  and  interurban  lines. 

(2)  The  AUemaling-Direct  Current  System,  which  so  far  as  the  car 
is  concerned  does  not  differ  from  the  first.  The  electromotive  force 
is  generated  by  an  alternator,  transmitted  at  high  potential  to  a  sub- 
station, and  changed  into  direct  current  by  a  rotary  converter. 

(3)  The  Alternating-Direct  Commutator  Motor  System,  which  is  a 
low  pressure  system,  the  motor  running  on  alternating  current  in 
interurban  districts,  and  on  direct  current  in  the  city  districts  or  where 
dense  traffic  obtains. 

(4)  The  Highrjrressure  Trolley  System,  chiefly  alternating,  in  which 
the  trolley  pressure  has  been  pushed  to  6000  volts,  though  3000  now 
seems  to  be  commercial. 

(5)  Polyphase  Systems,  requiring  more  than  one  trolley  or  collector. 
It  would  be  interesting  to  discuss  these  systems,  but  this  is  not 

our  purpose  now.  We  rather  propose  to  discuss  the  methods  that 
are  used  to  determine  power  conditions  without  reference  to  the 
particular  motor  or  transmission  system.  In  passing,  however,  it  is 
worth  while  to  remark  that  any  system  which  requires  a  rotary  con- 
verter is  to  be  regarded  as  a  temporary  makeshift  in  most  cases.  It 
is  a  kind  of  clumsy  interloper,  to  be  eliminated  as  quickly  as  possible. 
No  doubt  it  will  always  have  a  place  in  electrical  engineering,  but  there 
is  also  no  doubt  that  in  the  future  it  will  have  a  small  place,  indeed, 
in  railroad  work.  If  one  might  venture  a  general  prophecy  it  would 
be,  high  pressure  alternating  (3000  to  10,000  volts)  overhead  trolley 
for  interurban  work,  and  the  present  500-volt  system  for  dense  city 
traffic.  It  would  be  equally  futile  to  attempt  any  elaborate  com- 
parison of  electric  locomotives  and  multiple  unit  systems.  They  will 
probably  both  find  a  place,  which  ultimately  will  be  according  to 
their  merits. 
It  is  noticeable  that  the  electrical  engineer,  when  he  had  advanced 
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beyond  the  substitution  of  electricity  for  horses,  adopted  entirely  new 
methods  in  solving  his  problems.  This  was  caused  by  the  funda- 
mental difference  in  power  conditions,  between  the  steam  and  electric 
systems.  The  steam  unit  of  locomotion  is  self  contained,  converting 
the  energy  of  the  coal  into  that  of  the  moving  train.  In  the  electric 
system  this  process  of  translation  is  divided.  The  fuel  energy  must 
be  converted  into  electric  energy  in  a  power  house,  this  energy  must 
then  be  transmitted  to  the  car  by  a  conducting  system,  and  then 
converted  into  mechanical  energy  by  an  electric  motor.  This  means 
that  before  construction  starts,  the  capacity  of  the  road,  its  train 
service,  etc.,  must  be  more  or  less  accurately  determined.  A  tenta- 
tive schedule  at  least  must  be  laid  out,  the  size  of  car  and  its  load 
must  be  carefully  determined,  and  the  alinement  and  profile  of  the 
road  must  be  known.  From  these  the  energy  required  and  its  dis- 
tribution must  be  calculated.  Much  of  this  has  no  correspondence  in 
a  steam  system.  The  selection  of  the  size  and  number  of  motors  has 
its  counterpart  in  the  selection  of  the  locomotive,  but  the  transmission 
system  and  the  power  house  have  no  such  correspondent.  It  is  this 
necessity  for  predetermination  that  demands  the  greatest  care  in 
design  and  caused  the  invention  of  the  new  methods  of  handling 
problems.  A  change  in  schedule  might  very  easily  require  the  in- 
stallation of  an  extra  engine  in  extreme  cases,  which  means,  unless 
conditions  are  unusually  favorable,  a  wait  of  some  months  or  a  year. 
An  increase  in  the  number  or  distribution  of  trains,  with  or  without 
a  change  in  the  size  of  motors,  might  have  the  same  effect.  To  offset 
these  conditions,  we  hear  of  one  large  steam  railroad  obtaining  loco- 
motives at  the  rate  of  twelve  per  week,  though  it  is  possible  they 
may  have  been  ordered  a  year  before.  This  change  in  schedule,  by 
massing  trains  at  parts  of  the  road  for  which  such  loads  had  not  been 
arranged,  might  overload  the  transmission  to  a  breakdown.  These 
are  a  few  of  the  problems  that  confront  the  engineer,  and  are  not 
mentioned  to  set  up  difficulties,  but  merely  to  show  the  difference 
between  the  old  and  the  new  systems.  We  have  in  mind  several 
cases  where  motive  power  men  responsible  for  the  moving  of  freight 
that  had  become  congested,  borrowed  locon\otivtv5  from  o*^^  ^"^i- 
sions  than  their  own,  where  conditions  wen*  less  ^trenuoi, 
trains  over  the  line  in  a  practically  solid  colunm.  In  tM 
steam  road  has  a  flexibility  not  possessed  by  ti^e  electric  m 
may  be  assigned  as  another  reason  why  crFrKst^ivatigm  1 
in  advising  a  change.     Certainly  no  electric  systeui,  ns  f 
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signed  for  efficient  working,  could  stand  such  conditions  as  those  cited 
above.  On  the  other  hand,  it  is  possible  that  a  more  careful  analysis 
of  individual  cases  would  show  that  this  lack  of  perfect  flexibility  is 
less  serious  than  supposed. 

Our  problem  of  the  predetermination  of  power  conditions  can  come 
from  two  rather  different  directions:  First,  we  may  have  a  steam 
road  in  operation,  on  which  it  is  proposed  to  change  the  motive  power 
to  electricity;  and  second,  we  may  have  to  provide  the  comjrfete 
motive  power  equipment  for  a  new  project.  We  shall  call  these  the 
SubstitiUion  and  the  Project  problems,  respectively.  In  either  ease, 
the  schedule  is  known,  though  subsequent  calculation  may  show  that 
certain  changes  would  be  desirable.  The  alinement  and  grades  are 
fixed  beyond  change.  It  is  evident  that  so  far  as  these  civil  engineer- 
ing features  are  concerned,  the  determining  conditions  cannot  be 
greatly  different  from  those  which  now  obtain  in  steam  practice. 
There  is  no  doubt  that  single  car  trains,  or  any  trains  in  which  the 
motive  power  is  distributed  so  that  a  large  percentage  of  the  weight 
is  on  the  drivers,  can  climb  heavier  grades  than  any  locomotive 
outfit.  Little  advantage  can  be  taken  of  this,  however,  for  it  would 
seldom  be  economical.  The  same  reasoning  will  apply  to  the  de- 
creased rigid  wheel  base  possible  in  either  a  locomotive  or  a  train, 
where  the  motors  can  be  distributed  among  the  axles,  and  a  flexiWe 
connection  permitted,  and  consequently  quicker  curves.  Undoubtedly 
certain  changes  in  present  standards  for  these  matters  will  be  found 
desirable  but  time  and  experience  will  decide  when  these  are  advis- 
able. 

There  are  in  general  three  methods  that  can  be  applied  to  the 
solution  of  problems  of  this  kind.  The  first  we  may  call  The  Obser- 
vation  Method,  This  involves  the  use  of  a  dynamometer  car  and  is 
useful  for  the  SubstitiUion  problem  only,  or  for  the  almost  impo^ble 
cases  where  the  power  conditions  might  be  determined  after  the  road- 
bed is  finished.  The  second  is  the  Speed-time  Method  and  is  applicable 
with  var3dng  difficulty  to  either  type  of  problem.  The  third  may  be 
called  The  Mean  Power  Method^  and  is  the  most  approximate  of  the 
three  mentioned.  It  is  also  applicable  to  either  type  of  problem. 
Before  discussing  these  methods,  it  may  be  well  to  glance  at  that 
factor  on  which,  in  every  method  the  whole  solution  depends,  w., 
the  car-motor.  In  this  we  shall  have  no  reference  to  the  features  of 
electrical  design,  but  merely  to  its  aspect  as  a  piece  of  locomotive 
apparatus. 
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The  modem  car-motor  is  a  series-wound,  slow-speed  machine.  It 
is  suspended  in  various  ways  from  the  truck,  and  geared  to  the  axle 
by  a  single  reduction  system.  Double  truck  cars  have  either  a  two 
or  a  four  motor  equipment.  The  prominent  features  of  this  motor 
are:  A  tractive  effort  that  varies  more  or  less  inversely  as  the  speed, 
compactness,  heavy  overioad  capacity,  and  durability  and  reliability 
under  most  adverse  conditions.     Owing  to  the  great  variation  in  its 
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Fio.  1. — Car  Motor  Characteristics. 


load  under  ordinary  conditions  it  cannot  be  rated  in  horse-power  for 
a  given  time,  but  must  be  rated  by  the  uniform  current  and  voltage 
necessary  to  produce  a  certain  standard  temperature  rise,  in  a  given 
time,  over  that  of  the  surrounding  air.  The  necessary  information 
about  a  car-motor  is  always  supplied  by  the  manufacturers  in  the 
form  of  a  set  of  curves  as  illustrated  by  figure  1.  These  curves  are 
drawn  for  a  definite  voltage,  gear-ratio,  and  wheel  diameter.  The 
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voltage  and  gear-ratio  are  subject  to  considerable  variation,  but  the 
wheel  diameter  has  been  standard  for  some  time.  A  thirty-three  inch 
wheel  is  too  small,  however,  for  heavy  work  on  account  of  the  lack  of 
room,  and  wheels  of  36  and  42  inches  are  becoming  standard  for  this 
work.  Curves  may  be  derived  easily  for  other  values  of  these  quan- 
tities. The  speed  is  almost  directly  proportional  to  the  voltage,  is 
proportional  to  the  wheel  diameter,  and  inversely  proportional  to  the 
gear-ratio.  The  tractive  effort  is  directly  proportional  to  the  gear- 
ratio. The  time  curves  show  the  temperature  rise  under  the  stated 
conditions.  All  the  companies  will  supply  an  efficiency  curve  if  it 
is  desired. 

In  the  choice  of  a  motor  for  a  given  service,  the  first  determining 
factor  is  the  maximum  tractive  effort  required.     This  must  be  deter- 
mined from  an  examination  of  the  grades,  alinement,  loads,  and  sched- 
ule.    But  the  same  tractive  effort  may  be  obtained  with  different 
gear-ratios,  and  it  is  in  the  choice  of  this  factor  that  considerable  skill 
is  demanded.     A  careful  consideration  must  be  made  of  the  question 
of  motor  temperature.     This  is  a  feature  that  is  entirely  absent  from 
steam  railroad  practice.     If  the  locomotive  will  give  the  required 
tractive  effort  at  the  required  speed,  it  will  do  its  work.     If  it  is  over- 
loaded, even  to  being  stalled,  no  harm  is  done.     Not  so  with  the  car- 
motor.     Continued  overloads,  or  even  what  is  called  normal  load,  if 
the  motor  or  gear-ratio  be  improperly  chosen,  will  cause  the  tem- 
perature in  the  coils  to  rise  to  a  point  at  which  the  insulation  chars. 
Moreover,  the  bad  effect  due  to  high  temperature  is  a  gradual  one, 
the  charring  taking  place  slowly,  and  the  motor  becoming  slowly 
weakened.    Finally  it  breaks  down  suddenly,  and  it  is  hard  to  con- 
vince the  proper  persons  that  the  accident  is  not  due  to  some  inherent 
weakness.     Nor  can  this  trouble  be  discovered  easily,  for  it  is  internal, 
and  temperature  inspection  is  by  no  means  the  simplest  process  in 
the  world — especially  the  world  of  car-barns.    There  is  no  doubt  that 
with  the  advent  of  the  electric  trunk  line,  there  will  be  improvement 
in  this  respect.     We  shall  probably  see  the  Motoreer  of  the  Pennsyl- 
vania Limited,  some  day,  examining  his  field  and  armature  coils  after 
a  run  with  as  much  solicitation  as  the  present  incumbent  now  caresses 
hLs  journals. 

The  Observation  Method. 
As  stated,  this  requires  a  dynamometer  car,  and  is  useful  only  when 
the  problem  is  to  substitute  electricity  for  steam  without  change  of 
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Fig.  2.— p.  R.  R,  Dynamometer  Car. 
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H.  A.  Foster. — I  have  made  one  or  two  notes  regarding  Mr.  McClellan*s 
paper.  He  speaks  of  reajBons  for  being  rather  conser^-ative  in  the  re-equipping 
of  large  steam  roads  ^ith  electricity,  and  I  think  that  he  is  entirely  right,  but  I 
think  we  might  qualify  that  particular  statement  a  little  in  this  way:  If  these 
equipments  are  to  be  largely  for  passenger  conditions,  that  is,  for  the  short-haul 
business,  etc.,  we  could  consider  other  reasons  for  changing  than  economy  in 
power  or  fuel,  for  the  reason  that  it  has  been  found  by,  I  may  say,  in  some  cases, 
sad  experience,  that  the  increase  in  traffic  has  been  so  much  as  to  show  that  the 
predetermined  calculations  have  been  too  small  and  it  has  been  found  difficult 
to  re-arrange  them  afterward. 

Mr.  McClellan  sp)eaks  in  his  paper,  in  referring  to  the  determination  of  the 
power  required,  of  making  an  experienced  guess;  he  speaks  also  of  its  being  very 
crude,  etc.,  and  I  think  I  am  right  in  saying  that  probably  seven-eighths  have 
guessed  too  little  on  the  power,  because  the  promoter  did  not  want  to  pay  for 
as  much  power  as  the  engineer  deemed  necessary.  I  think  we  arc  fortunate  in 
one  thing,  and  that  is  in  having  the  experience  of  all  the  locomotive  designers 
and  engineers  to  work  upon  in  connection  with  electrical  locomotives.  Few  in- 
experienced engineers  would  otherwise  ever  get  things  strong  enough  to  bump 
up  against  a  freight  train  and  not  break  something.  As  to  the  matter  of  over- 
coming the  question  of  high  voltage,  insulation,  and  so  forth,  that  is  a  matter 
that  we  cannot  very  well  dispose  of.  We  must  ha\'e  a  high  voltage,  simply  be- 
cause we  cannot  take  the  current  off  the  wire  u^nthout  it.  The  question  is  going 
to  be  largely  how  to  handle  it.  As  we  found  it  at  first  rather  difficult  to  insulate 
at  500  volts,  I  think  it  will  be  found  still  more  difficult  to  insulate  against  a  po- 
tential of  1000  volts,  and  still  more  for  3000,  6000,  or  10,000  volts.  As  far  as 
danger  to  life  is  concerned,  it  has  been  found  that  3000  volts  will  kill  a  man  just 
as  dead  as  10,000  volts  will.  Now,  the  question  is  to  get  insulation  enough,  for 
with  any  of  these,  2500  or  3000  volts  we  reach  the  danger-point, — but  we  must 
insulate  things  so  that  people  will  not  be  afraid  to  ride  on  the  cars.  Mr.  Mc- 
Clellan speaks  also  of  the  motorman  destroying  all  our  calculations.  Mr.  Hewitt 
read  a  paper  here  a  few  years  ago  about  some  trials  that  were  made  on  some  long 
nms  in  Philadelphia,  where  a  watt-meter  was  placed  upon  a  car  which  was  run 
over  a  certain  line  for  perhaps  a  week^  trying  each  motorman,  making  a  record 
of  him,  noting  the  number  of  passengers,  time  taken,  etc.,  and  I  think  they  found 
differences  in  power  consumption  of  upward  of  45  per  cent,  due  wholly  to  the 
personality  of  the  motorman  himself.  Therefore  it  is  a  little  difficult  to  calculate 
on  just  how  much  power  any  motorman  will  take.  For  this  reason,  there  have 
been  introduced  within  the  last  year  automatic  accelerators.  They  are  being 
used  in  some  parts  of  the  subway  system  in  New  York,  where  all  the  motorman 
has  to  do  is  to  turn  the  crank  clear  around,  and  the  accelerator  moves  the  train 
up  gradually  and  evenly. 

It  is  possible  that  some  of  our  locomotive  friends  may  think  that  these  speed 
time  curve  determinations  are  highly  theoretical  and  very  pretty,  and  that  they 
take  a  lot  of  time;  and  they  may  possibly  question  their  accuracy  somewhat. 
I  have  seen  curves  of  that  kind  that  were  predetermined  for  a  line  of  road  7000 
feet  long,  accurately  measured  with  all  the  different  grades,  carefully  surveyed, 
etc.,  and  the  speed  time  curve  built  up  from  the  motor  characteristics  furnished 
by  the  manufacturer  overlaid  the  curve  de\eloped  by  an  automatic  machine 
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to  the  inch.  It  is  limited  to  28,000  pounds.  Since  it  is  designed  to 
measure  the  magnitude  of  the  force  only  and  not  its  direction,  a  sepa- 
rate pen  must  be  provided  to  indicate  whether  the  force  is  a  push 
or  a  pull.  The  follo\ving  pens  making  independent  records  on  the 
one  moving  paper  are  provided:  (1)  A  pen  operated  from  the  pilot 
to  locate  indicator  cards;  (2)  a  pen  operated  from  the  cab  to  locate 
observations  made  there;   (^3)  a  pen  operated  from  various  parts  of 


Fig.  5. — Imtkrior  of  I.  C.  Car. 


the  car  to  locate  mile  posts,  points  of  curve,  or  any  observation  made 
in  the  car;  (4)  a  pen  operated  every  five  seconds  by  a  chronometer; 
(5)  a  pen  operated  by  an  integrating  wheel  which  integrates  the  area 
in  square  inches,  and  so  the  energy  in  foot-tons;  (6)  a  zero-line  pen. 
There  is  a  speed  indicator  on  the  car  but  no  recorder.  The  paper 
moves  one  inch  for  ever}^  100  feet  of  track. 

Figure  6  shows  a  diagram  of  the  I.  C.  dynamometer.     It  is  hydraulic, 
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supported  by  springs.  Three  oil  cylinders  of  different  diameters  are 
provided  so  that  it  may  be  used  for  different  average  draw-bar  pulls. 
The  leakage  of  the  oil  past  the  pistons,  since  they  cannot  be  tight 
on  account  of  friction,  is  compensated  for  at  intervals  by  a  small 
hand  pump.  The  pressure  is  recorded  by  a  lever  system  connected 
to  a  Bourdon  gauge.  This  car  has  a  Boyer  speed  recorder,  a  location 
pen,  and  a  zero-line  pen. 

Figures  7  and  8  show  two  records  given  by  the  P.  R.  R.  car,  taken 
on  a  freight  and  on  a  passenger  train,  respectively.  The  chief  differ- 
ence is  in  the  amount  of  draw-bar  pull,  and  the  smoothness  of  the 
running.  Sufficient  information  in  regard  to  these  records  \^'ill  be 
found  on  the  sheets.  The  portion  showTi  represents  only  a  half  mile 
of  road. 

Figure  9  shows  the  exterior  of  the  Louisiana  Purchase  Test  Com- 
mission car,  which  was  designed  by  Prof.  H.  H.  Norris,  for  the  measure- 
ment of  air  resistance.  The  car  box  rests  on  ball  bearings,  on  a 
pressed  steel  platform  car,  with  stops  to  prevent  excessive  motion. 
The  pressure  of  the  wind  is  measured  by  the  motion  of  this  box, 
through  a  system  of  levers  inside  the  car  which  forms  a  delicate 
dynamometer.  Careful  arrangements  have  been  made  to  relieve  the 
box  of  every  stress  except  those  due  to  wind.  It  is  possible  to  separate 
the  head  and  rear  resistances  from  the  total.  The  experiments  are 
being  carried  on  now,  but  no  results  have  been  published  yet,  though 
they  are  expected  this  summer. 

Given  such  a  car  in  good  working  order,  which  means  also  given 
men  who  know  how  to  work  it  properly,  for  this  is  no  simple  matter, 
the  general  method  is  as  follows:  First  divide  all  the  trains,  or  rather 
runs,  into  classes  so  that  it  may  not  be  necessary  to  use  the  car  with 
every  train  on  the  schedule.  Then  put  the  car,  behind  the  locomotive, 
in  a  selected  train  from  each  class,  and  draw  a  curv'e  of  draw-bar 
pull  and  speed.  An  examination  of  these  curves  will  show  the  size 
and  character  of  the  motor  or  motors  desirable.  From  the  motor 
characteristic  curves,  similar  to  those  in  figure  1,  a  power-time  cur\e 
can  be  plotted  for  the  run.  By  combining  the  power-time  curves 
for  the  various  runs  in  their  proper  relation,  a  power-time  curve  for 
the  whole  system  can  be  plotted.  From  this  the  power  house  may 
be  designed.  In  order  to  have  a  proper  distribution  of  current,  that 
is,  to  determine  the  proper  size  and  location  of  feeders,  the  road  must 
be  divided  into  sections,  and  the  maximum  power,  with  the  time 
that  it  must  be  supplied,  obtained  for  each  section.     With  motors, 
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288         Northrup — Stereoscopic  Vision  Applied  to  Survcifing. 
-  .    :  Paper  No.  1010. 

STEREOSCOPIC  VISION  APPLIED  TO  SURVEYING. 

E.   F.   NORTHRUP. 
Bead  May  6,  1905. 

Last  November  it  was  my  privilege  to  meet  Dr.  Czapski,  who  is 
the  technical  director  of  the  Carl  Zeiss  works  at  Jena,  and  to  learn 
from  him  of  the  intensely  interesting  developments  in  optics  that  this 
noted  house  has  recently  been  making.  Of  several  strikingly  new 
instruments  described,  the  two  that  especially  interested  me  are  the 
'* Telemeter"  and  the  **Stereocomparator."  It  is  of  these  that  I 
will  give  you  a  ver\'  brief  description. 

Both  these  instruments  make  use  of,  and  apply  in  many  useful  ways, 
the  power  or  principle  of  stereoscopic  vision.  Few  persons  who  have 
not  given  the  subject  special  study  realize  the  remarkable  features, 
the  usefulness  and  power  of  making  accurate  measurement,  of  bin- 
ocular or  stereoscopic  \4sion.  If  two  photographs  of  an  object  are 
taken  from  slightly  different  points  of  \iew,  the  two  pictures  obtained 
are  sufficiently  unlike,  so  that,  if  by  any  optical  device,  it  is  attempted 
to  blend  them  together,  by  superposition  or  otherwise,  the  result  can 
only  be  a  blurred  and  confused  image.  But  put  these  two  unlike  photo- 
graphs in  a  stereoscope,  or  any  device  by  which  the  right  eye  sees  only 
the  one  view  and  the  left  eye  sees  only  the  other,  and  instantly  the 
two  unlike  views  blend  together  in  the  brain,  giving  the  sensation  of 
a  clear  image,  in  outline  slightly  different  from  either  component  view, 
and  possessing  the  additional  property  of  depth  or  relief.  If  two  dia- 
grams are  drawoi,  one  consisting  of  a  circle  with  a  black  dot  in  its  cen- 
ter, and  the  other  like  it  except  that  the  dot  is  placed  slightly  out  of 
the  center  of  the  circle,  and  these  two  diagrams  be  combined  in  a  stereo- 
scope, it  will  be  observ^ed  that  in  the  combined  image  the  dot  will  ap- 
pear above  or  below  the  plane  of  the  circle.  In  general,  the  prin- 
ciple is  found  to  hold  in  stereoscopic  vision,  that  when  two  similar 
views  are  stereoscopically  combined,  all  relativ^e  lateral  displacements 
of  objects  in  the  two  views  in  a  line  joining  the  oculars  produce  the 
physiologic  sensation  of  difference  in  depth  of  these  objects.  Thus, 
if  one  view^  is  that  of  the  starrv'  firmament  taken  at  one  hour,  and  the 
other  view  is  of  the  same  part  of  the  firmament  but  taken  at  a  later 
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going  we  determine  to  start  our  calculations  with  an  equipment  of  a 
certain  motor.  A  set  of  motor  characteristic  curves,  similar  to  those 
in  figure  1,  is  at  hand.  With  this  data,  w^e  calculate  a  speed-time 
curve  for  every  different  run  in  our  schedule.  With  this  curve,  and 
the  motor  current-speed  curve,  we  can  plot  the  current-time  curves 
for  the  run.  The  area  enclosed  between  this  curve  and  the  base 
is  a  measure  of  the  ampere-hours  for  the  run.     This  value  multi- 
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plied  by  the  line  potential  will  give  the  energy  required  for  the 
run,  expressed  usually  in  kilowatt  hours.  As  before,  by  combining 
the  energy  curves  thus  obtained  of  all  the  runs  in  the  schedule,  we 
obtain  a  time-power  curve  for  the  system,  and  make  use  of  this  to 
determine  the  power-house  capacity.  The  capacity  of  feeders  and 
other  matters  of  distribution  are  determined  as  in  the  previous  method. 
Frequently  a  few  preliminary  or  approximate  curves  will  enable  us 
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to  determine  as  to  the  proper  choice  that  has  been  made  of  the  motor, 
gear-ratio,  etc.  Even  the  schedule  might  have  to  l^e  changed  for 
economic  or  necessary  reasons.  These  preliminary^  curv^es  correspond 
to  the  preliminary  survey  in  the  civil  engineering  side  of  the  project. 
To  illustrate  the  above,  the  writer  has  plotted  a  speed-time  curve 
(figure  10),  for  a  short  express  run,  over  a  portion  of  a  road  ver\" 
familiar  to  many  Philadelphia  riders.  The  run  is  made  by  a  car  of  a 
total  weight  of  about  55  tons,  equipped  with  four  motors,  each  capable 
of  giving  a  maximum  gross  tractive  effort  of  approximately  3000 
pounds,  with  400  amperes.     Beneath  the  curv'e  \vi\\  be  found  the  line 
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data.  P^irst,  the  stations  with  their  terminal  distances,  and  also  the 
intermediate  distances;  second,  the  grades  with  percents  and  lengths; 
third,  the  curves  with  lengths  and  degrees,  and  finally  the  run  sections. 
These  terminate  where  a  stop,  change  of  grade,  or  change  of  alinement 
occurs.  In  the  run  sections  are  marked  the  lengths  and  the  ** equiva- 
lent grades."  These  are  calculated  by  adding  to  the  real  grade  the 
resistance  value  of  the  curve,  measured  in  terms  of  grade  resistance. 
The  cross-hatched  areas  are  a  measure  of  the  energy  as  explained 
above.  This  is  the  gross  energy  received  by  the  motor  from  the  line, 
since  we  calculate  it  with  line  potential.     The  values  attached  were 
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obtained  by  taking  the  areas  with  a  planimeter,  and  reducing  them 
to  kilowatt  hours.  This  curve  is  a  fair  example  of  a  speed-time  curve. 
It  consists  of  three  acceleration  parts  (AB-CD-FG,  figure  10),  three 
drifting  parts  (BC-DF-GH),  and  one  braked  part  (HI).  The  simplest 
cycle  would  be  accelerate,  drift  and  brake.  Sometimes  in  the  most 
rapid  schedules,  even  the  drift  is  cut  out,  and  the  entire  stored  energy 
dissipated  at  the  brake.  The  run  occupies  3m.,  20s.,  and  has  an 
average  speed  of  40  miles  per  hour. 

To  plot  such  a  curve  requires  that,  under  all  conditions,  we  shall 
be  able  to  state  the  net  tractive  effort,  that  is,  the  part  of  the  gross 
effort  which  is  concerned  in  producing  acceleration.  It  is  the  gross 
effort  minus  all  resistances  to  motion.  If  P  be  this  effort  in  pounds 
per  ton,  and  a  the  acceleration  in  miles  per  hour  per  second,  we  have 
the  simple  relation : 

a  =  .011  P. 

Numerous  methods  have  been  devised  to  shorten  the  labor  of  obtain- 
ing the  accelerations  at  various  speeds,  and  the  time  points  correspond- 
ing to  these  speeds.  Many  of  these  are  mere  cut-and-try  graphical 
methods.  There  is  no  convenient  anal3^ical  method.  By  far  the 
most  expeditious  for  all  kinds  of  curves  is  the  Chart  Method  devised 
by  Mr.  C.  O.  Mailloux,  and  presented  before  the  A.  I.  E.  E.  in  1902. 
In  the  use  of  any  method  it  will  often  be  found  time  saving  to  plot  a 
series  of  general  curves,  and  interpolate  from  these.  As  stated  above, 
to  plot  these  curves  the  net  tractive  effort  is  needed.  To  obtain  this 
it  is  necessary  to  analyze  train  motion,  and  get  expressions  for  the 
various  resistances  that  merely  dissipate  energy. 

In  figure  II  will  be  found  a  diagram  that  divides  the  gross  tractive 
effort  into  its  various  parts.     A  short  discussion  of  each  part  follows. 

Grades. 
This  resistance  is  simply  the  component  of  the  car's  weight  along 
the  grade.  It  is  perfectly  definite  as  stated.  Care  should  be  taken, 
however,  to  check  grades  that  have  been  located  for  great  lengths  of 
time.  Railroad  men  regard  grades  taken  from  old  location  sheets  as 
more  or  less  unreliable. 

Curves. 
Curve  resistance  is  usually  stated  as  an  equivalent  grade  resistance. 
This  is  merely  for  convenience  in  calculation.     The  values  given  are 
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somewhat  widely  separated.  They  have  been  obtained  largely  from 
steam  practice,  and  probably  need  modification.  Curve  resistance, 
if  the  curves  are  properly  placed,  is  a  comparatively  small  part  of  the 
whole.  With  trains  of  all  speeds  running  on  them,  curves  can  be 
placed  only  for  one  speed,  and  this  increases  resistance  values  at  other 
speeds. 

Braking. 
Very  little  that  is  worth  much  is  known  quantitatively,  .though  we 
have  learned  much  through  the  work  of  men  like  Parke.  It  is  common 
to  assume  that  the  braking  effort  is  constant  at  all  speeds.  This  is 
incorrect,  for  the  braking  curve  is  never  a  straight  line,  and  ven* 
erratic  in  its  forms.  Frequently  it  is  like  the  dotted  line  HJ,  in  figure 
10.  Owing  to  the  uncertainty,  the  braking  effort  is  assumed  to  be 
150  pounds  per  ton,  which  includes  all  resistances  except  grade  re- 
sistance. This  is  corrected  for,  and  the  net  braking  effort  obtained, 
which  is  used  in  plotting  the  braking  portion  of  the  run. 

Train  Resistance. 
It  is  here  that  the  motive-power  man  meets  his  serious  trouble. 
The  electrical  engineer  has  felt  the  great  lack  of  information,  owing 
to  higher  speeds,  and  rapidity  of  acceleration.  It  is  the  great  residual 
of  all  resistances  and  errors  that  are  left  after  subtracting  grade  and 
curve  resistances.  If  we  attempt  to  state  its  sources,  we  have  only 
two — air  and  mechanical  friction — both  of  which  are  almost  inde- 
terminate by  nature. 

Mechanical  Friction. 
This  is  caused  by :  (a)  Unevenness  of  the  rail,  and  lack  of  firmness 
of  the  roadbed;  (h)  flange  resistance,  often  excessive,  owing  to  faulty 
location  or  maintenance;  (c)  increased  flange  resistance,  owing  to  side 
pressure  of  the  wind,  as  distinct  from  wind  resistance  proper;  (d) 
journal  friction.  Motor  friction  is  not  included,  on  acceleration,  for 
the  motor  curves  give  the  tractive  effort  at  the  car  axle.  On  drifting 
curves,  the  motor  friction  must  be  included,  since  the  energ}'  stored 
in  the  car  must  turn  the  idle  motor.  Mechanical  friction,  while  large, 
can  be  often  greatly  reduced  by  proper  maintenance  of  cars  and 
roadl)ed.  At  high  speeds  it  is  relatively  unimportant,  compared 
with  wind  resistance. 
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Wind  Resistance. 

This  is  divided  into  head,  rear,  and  side  or  skin  resistance.  These 
are  functions  of:  (a)  Relative  velocity  of  train  and  air;  (b)  shape  of 
car  ends,  particularly  the  head  end;  (c)  number  of  cars  in  train; 
(d)  nature  of  train  connections,  that  is,  vestibuled  or  open;  (d)  area 
of  cross-section  of  car.  The  values  that  have  been  obtained  for  the 
head  pressure  by  whirling  boards,  cars  with  specially  exposed  wind 
surfaces,  drifting  cars,  etc.,  have  given  values  ranging  from  O.OOIV^ 
to  0.004V  ^,  where  V  is  the  velocity  of  train.  What  the  skin  resistance 
is  no  one  knows,  though  we  expect  much  from  the  late  Exposition 
tests,  which  will  be  published  soon.  The  writer  heard  it  remarked 
not  long  ago  that  one  locomotive  engineer  said  that  he  had  little 
difficulty  in  making  time  against  a  head  wind,  but  that  side  wind 
impeded  his  train  greatly.  Many  theoretical  experiments  have  been 
made  lately  on  skin  friction,  for  it  is  of  as  much  importance  to  the 
aeronaut  as  to  the  railroad  man.  It  has  been  found,  so  far,  that  it 
is  very  similar  in  its  laws  to  skin  friction  in  wetted  surfaces  of  vessels. 
It  should  be  borne  in  mind  that  wind  resistance  becomes  relatively 
more  important  as  the  weight  of  the  train  is  reduced,  that  is,  as  we 
approach  single  car  operation.  This  is  showTi  very  clearly  by  the 
G.  E.  curves  of  train  resistance  given  in  figure  10.  The  increased 
resistance  per  ton  for  shorter  trains  is  due  almost  wholly  to  air  re- 
sistance. These  curves  are  probably  as  accurate  as  any  up  to  60  miles 
per  hour. 

Owing  to  the  difficulty  of  separating  the  parts  of  train  resistance, 
most  experimenters  have  chosen  to  find  the  total  value  at  various 
velocities.  The  results  are  usually  expressed  in  the  shape  of  a  formula. 
These  are  as  numerous,  relatively,  as  flies  in  summer.  We  shall  men- 
tion two  of  the  simpler  ones,  and  three  that  aim  at  accuracy  at  high 
speeds  : 

V 
Baldwin,  R  =  3  +  g 

V 
Engineering  News,  R  =  2  +  ^ 

Davis  (45-ton  car),  R  -  5  +  .13V  +  '^^^^^,^~  [1  +  .1  (N— 1)] 

Smith,  R  =  3  +  .167V  -f  .0025  j  V^ 


Mailloux 


.R  =  (,,^-  +  g)+.15V-H5-^^V. 
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Where 

R  =  resistance  in  pounds  per  ton.  b  -=  constant  depending  on  diameter  of 

V  «  velocity  in  miles  per  hour.  wheels  and  journals  (6  to  9). 

A  =a  cross-section  of  car  in  square  feet.  g  «*  constant  depending  on  condition 

T  ■=  weight  of  train  in  tons.     *  of  track  (2  to  5). 

N  =»  number  of  cars  per  ton.  n  »=  total  number  of  cars  in  train. 

The  trouble  with  all  the  above  formulas,  and  the  many  others  like 
them,  is  that,  derived  as  they  were  from  special  conditions  of  some 
sort,  they  will  not  answer  for  general  work.  The  problem  is  analogous 
to  the  famous  Kutter  formula  in  hydraulics.  Some  day  when  we  have 
sufficient  data  we  shall  be  able  to  write  a  formula,  with  var\'ing  para- 
meters, that  can  be  applied  to  all  cases  with  reasonable  accuracy.  As 
an  example  of  the  use  of  one  of  these  formulas  in  a  special  case,  namely, 
the  operation  of  a  45-ton  car  at  100  miles  per  hour,  it  would  take 
some  68  pounds  per  ton  to  overcome  air  resistance  alone.  Just  now, 
w^e  pick  out  the  particular  formula,  the  data  of  which  was  obtained 
under  conditions  similar  to  those  of  our  problem.  Our  definite  knowl- 
edge seems  to  be  that  with  properly  shaped  cars,  train  resistance  for 
single  cars  up  to  nearly  100  miles  per  hour,  will  not  greatly  exceed 
30  pounds  per  ton,  and  that  the  formula,  when  found,  will  be  of  the 

form: 

R  =  A  +  BV  -I-  CV 

Where  A  is  a  factor  depending  chiefly  on  journal  conditions,  B  is  a 
factor  depending  chiefly  on  rail  conditions,  and  C  is  a  function  of  train 
weight  and  formation. 


The  Mean  Power  Method. 

This  is  hardly  more  than  a  refined  guess.  It  is  useful  in  the  very 
simplest  projects  only.  We  know  from  a  very  small  amount  of  re- 
corded data,  the  amount  of  power  required  by  a  car  to  go  over  a 
certain  average  roadbed.  On  this  scanty  basis,  estimates  have  been 
made  as  to  the  amount  of  power  required  by  roads,  and  motors  selected 
for  the  work.  The  results  have  more  or  less  accuracy,  usually  less, 
depending  on  the  skill  of  the  estimator.  In  the  past  it  has  been 
responsible  for  many  failures.     It  is  passing  out  of  use. 

It  will  be  realized  from  the  above  discussion,  that  this  particular 
field  of  engineering  has  had  a  great  development  in  a  short  time. 
The  object  of  all  the  labor  and  time  spent  on  it  is  twofold:   First, 
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to  provide  means  of  choosing  the  most  economical  equipment  and 
schedule ;  and  second,  to  predetermine  with  some  degree  of  accuracy, 
power  conditions,  both  of  generation  and  distribution,  so  that  con- 
struction may  go  on  with  no  doubt  as  to  the  outcome.  No  mistake 
should  be  made  relative  to  the  standpoint  in  this  matter.  Mere 
inspection  of  a  power-time  curve  for  a  given  run  does  not  furnish 
the  final  criterion.  Power  economy  does  not  fix  the  choice  of  motors 
or  settle  matters  of  schedule.  Far  and  above  everything  else  is  traffic. 
It  must  be  remembered  that  cost  of  power  is  not  the  largest  expense 
in  railroad  work,  and  that  it  does  not  increase  at  all  in  proportion  to 
traffic.  Therefore  we  are  mot  after  the  run  which  gives  the  least  power, 
but  the  one  that  increases  the  passenger  and  tonnage  account.  Never- 
theless, after  the  schedule  has  been  determined  the  electrical  engineer 
must  see  to  it  that  the  car  makes  it  with  the  least  possible  expense. 
It  should  not  be  forgotten,  in  this  connection,  that  the  matter  is  as 
much  a  matter  of  operation  as  design.  It  is  an  easy  matter  to  arrange 
a  run  with  a  certain  succession  of  accelerations,  drifts,  and  braking 
portions,  but  some  scheme  must  be  devised  that  will  hold  the  man 
at  the  controller  to  this  run  as  arranged.  In  a  measure  time  points 
will  eliminate  this,  but  he  will  still  be  able  to  waste  poWer  by  cutting 
out  the  drifting  portion  of  the  curve. 

The  striking  point  in  connection  with  the  discussion  of  this  whole 
problem  is  the  great  lack  of  data.  This  is  not  merely  so  in  regard 
to  the  particular  points  discussed  in  this  paper.  As  average  speeds 
increase,  and  therefore  rapidity  of  acceleration,  especially  with  fre- 
quent stops,  many  features  of  train  problems  become  relatively  more 
important.  The  limit  to  acceleration  is  the  comfort  of  the  passenger. 
This  is  to  be  remembered  particularly  in  connection  with  suburban 
work.  A  passenger  does  not  complain  much  of  a  little  jolting  at  the 
beginning  and  end  of  an  hour's  run,  but  the  same  thing  happening 
every  five  minutes  is  likely  to  be  resented.  To  accomplish  both  high 
speed  and  comfort  of  passenger,  problems  must  be  approached  more 
definitely  than  they  have  been  frequently  in  the  past.  It  is  rather 
striking  that  in  connection  with  the  first  real  substitution  problem, 
one  of  our  largest  railroads  had  to  borrow  a  dynamometer  car.  Not- 
withstanding this,  motive  power  men  know  to  a  nicety  what  their 
locomotives  will  do.  The  yard  master  has  his  instructions,  and  loads 
each  engine  to  a  definite  amount.  If  more  is  to  be  sent,  other  trains 
are  made  up  in  the  same  way,  as  long  as  there  is  a  locomotive  of  th'- 
right  type  in  the  yard.  The  criticism  has  been  made  that  ste* 
5 


276      McClellan — Electrical  Engineer  in  Heavy  Traction  Work, 

roads  and  locomotive  builders  never  did,  and  still  have  not  the 
facilities  for  the  same  kind  of  elaborate  experimental  work  that  has 
been  done  by  the  great  electrical  companies.  This  is  probably  true, 
but  they  have  not  needed  the  information  in  the  same  way  that  it 
is  needed  now.  Conditions  are  different  and  methods  must  be  different 
also.  The  Pennsylvania  Railroad  is  now  building  a  very  elaborate 
dynamometer  car  of  the  hydraulic  type,  and  is  erecting  a  very  com- 
plete testing  shop  for  locomotives. 

The  fact  is,  no  real  progress  will  be  made,  from  the  real  engineer's 
standpoint,  until  this  data  is  procured.  It  matters  not  whether  we 
are  considering  locomotive  or  multiple  unit  control  system.  For  the 
former  a  dynamometer  car  is  necessary,  and  for  the  latter,  a  set  of 
recording  instruments.  Tests  must  be  made  from  two  distinctly 
different  standpoints.  First,  by  means  of  specially  arranged  cars,  in 
order  to  isolate  certain  factors  and  measure  them.  But  equally  or 
more  important  is  the  second,  that  is,  tests  on  large  numbers  of  cars 
in  commercial  operation,  on  all  kinds  of  roadbeds,  under  all  kinds  of 
weather  conditions.  For  this  purpose  special  cars,  fitted  with  meters, 
such  as  have  been  used  frequently  in  the  past  are  not  just  what  are 
needed.  We  need  something  in  the  nature  of  a  table  that  would 
occupy  a  double  seat  in  an  ordinary  car,  containing  apparatus  to 
record  volts,  amperes,  speed,  and  if  possible  progressive  temperatures 
of  the  motor.  Such  a  set  arranged  to  be  quickly  put  in  circuit,  could 
be  shifted  from  car  to  car  as  frequently  as  desired,  and  readings  taken 
wherever  wanted.  This  would  give  a  knowledge  of  operation  that 
ijvill  never  be  obtained  in  any  other  way.  The  cry  is  now  going  up 
for  data  in  central  station  work,  in  lighting,  everywhere,  but  nowhere 
is  it  needed  more  than  in  electric  railroad  work. 


DISCUSSION. 

Mr.  W.  O.  Dunbar  (Visitor). — The  new  dynamometer  car,  of  the  Pennsyl- 
vania Ilailroad,  referred  to  in  the  paper,  is  in  process  of  construction,  but  will 
require  some  time  to  complete  it. 

It  is  not  possible  to  give  a  brief  description  which  will  do  full  justice.  The 
only  way  for  any  one  desiring  a  fair  idea  is  to  study  the  drawing  in  detail  and 
see  the  car  itself.  It  vnW  then  be  possible  to  appreciate  the  work  that  has  been 
accomplished  by  the  mechanical  engineer  in  the  designs. 

I  will  attempt,  therefore,  to  give  but  a  general  idea  of  the  principles  invoh-ed, 
which  may  prepare  any  one  not  already  informed  what  to  look  for  and  expect, 
should  he  have  an  opportunity  to  inspect  the  car. 

The  car  as  a  whole  is  of  special  design  throughout  and  is  carried  on  two  trucks. 
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each  having  four  wheels  of  33  inches  diameter.  The  trucks  are  of  new  design, 
necessitated  by  the  form  of  construction  of  the  underframe  of  the  car.  The 
main  features,  however,  are  three,  the  dynamometer  being  on  the  hydraulic 
principle: 

1st.  The  drawbar  and  its  attachments  to  the  hydraulic  cylinder. 

2d.  The  weighing  mechanism  and  transmission  of  the  pressure  to  give  the 
necessary  movement  of  the  pen,  which  is  to  indicate  the  amount  of  the  pull. 

3d.  The  pap)er  diagram  driving  mechanism  and  the  connection  to  the  axle 
of  the  car. 

In  this  order  it  may  be  said  that  the  underframe  of  the  car  is  completed; 
being  made  excessively  strong.  The  central  portion  of  it  consists  of  a  heavy 
steel  plate  box  girder  21  inches  deep  by  38  inches  wide  extending  51  feet,  the 
entire  length  of  the  car,  forming  a  practically  dust-proof  and  water-tight  hous- 
ing for  the  drawbar  and  its  attachments. 

This  drawbar  is  to  be  20  J  feet  long  from  the  front  end  of  the  coupler  to  the 
rear  end  of  the  hydraulic  piston.  The  piston  is  8  inches  long  by  161  inches  in 
diameter,  with  piston  rods  at  either  end  6  inches  in  diameter,  and  fits  the  cylinder 
with  the  greatest  possible  accuracy  to  work  without  friction  and  without  pack- 
ing. 

The  drawbar,  at  the  coupler  end,  is  made  up  with  a  standard  automatic 
coupler  and  Westinghouse  friction  draft  gear,  as  in  our  standard  freight  cars, 
but  caged  in  a  rectangular,  box-like,  steel  casting,  which  is  open  at  the  front  end 
only  and  large  enough  inside  to  allow  free  room  for  the  side  play  of  the  coupler 
at  the  open  end  and  for  the  cushioning  action  of  the  inclosed  draft  gear.  This 
particular  steel  casting  may  be  called  the  coupler  cage.  The  rear  end  of  the 
coupler  is  pivoted  to  the  front  end  of  the  draft  gear  to  allow  the  side  play  referred 
to.  The  rear  end  of  the  coupler  cage  is  rigidly  connected  to  the  drawbar  proper, 
forming  a  part  of  it. 

The  remaining  important  feature  of  the  drawbar  consists  of  a  nest  of  helical 
buffer  springs  confined  in  a  strap  under  a  compression  load  of  100,000  pounds  in 
such  a  manner  as  to  form  a  continuous  and  rigid  portion  of  the  drawbar  under 
all  puUs  up  to  100,000  pounds,  the  maximum  capacity  expected  to  be  recorded  by 
the  weighing  mechanism;  but  when  a  pull  or  push  greater  than  100,000  pounds 
is  exerted  by  shock  or  otherwise,  the  drawbar  stretches  or  contracts  by  means 
of  a  still  further  compression  of  these  springs.  This  is  to  prevent  undue  strain 
being  put  on  the  piston  and  cylinder,  which,  however,  are  capable  of  standing 
a  much  heavier  load  without  injury. 

From  this  it  will  be  seen  that  the  drawbar  altogether  is  a  pretty  massive  piece 
of  apparatus.  Great  pains  have  been  taken  to  support  this  drawbar,  as  a  whole, 
so  that  for  any  pull  or  push  it  will  move  practically  frictionless. 

The  coupler  cage  is  supported  by  six  circuitous  groups  of  hardened  steel  balls, 
32  balls  in  each;  two  groups  beneath,  two  above  and  one  group  on  either  side, 
each  group  giving  a  bearing  over  a  foot  in  length.  Ten  balls  of  each  group,  60 
in  all,  are  always  in  supporting  contact  with  the  coupler  cage.  These  balls  are 
each  1}  inches  in  diameter  and  so  exactly  guided  in  their  races  that  there  is  no 
likelihood  of  their  binding  one  against  the  other. 

While  the  coupler  has  all  necessary  play  within  the  cage,  the  ca 
to  be  so  neatly  fitted  between  the  groups  of  balls  that  it  has  practic 
play. 
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At  the  other  end,  as  near  to  the  piston  as  practicable,  the  drawbar  is  ^m^- 
rounded  and  supported  by  a  nest  of  small  balls  in  a  short  cylindrical  ca^e,  which 
in  turn  is  held  in  a  bushing,  so  that  the  nest  rolls  longitudinally  back  and  forth 
in  its  bushing  and  along  the  drawbar  as  the  latter  moves,  but  is  prevented  from 
creeping  along  the  bar  more  than  IJ  inches  either  way  by  the  end  walls  of  the 
surrounding  bushing. 

The  drawbar  is  made  five  inches  in  diameter  for  a  considerable  portion  of  its 
length  from  the  point  where  it  connects  to  the  coupler  cage  to  provide  ample 
stiffness;  but  to  further  prevent  any  tendency  to  sagging,  there  is  located  t>e- 
tween  the  100,000  pound  buffer  springs  and  the  coupler  cage  another  specially 
constructed  bearing  consisting  of  two  rollers,  each  acting  as  a  support  at  an 
angle  of  60  degrees  with  the  vertical  and  turned  to  an  exact  radius  equal  to  the 
distance  to  the  supporting  surfaces.  These  two  rollers  are  pivoted  to  the  draw- 
bar with  roller  journals  and  prevented  from  sliding  by  being  provided  with  ac- 
curately cut  teeth,  on  the  outer  edge,  which  mesh  with  the  rack  along  the  edge 
of  the  supporting  surface. 

Buckling  from  any  shock  is  prevented  by  cylindrical  bushings  or  guides 
through  which  the  drawbar  passes  without  friction  and  at  the  same  time  with- 
out lost  motion.  Moreover,  when  the  dynamometer  is  not  in  service  the  coupler 
cage  is  locked  by  blocking  specially  provided,  preventing  any  load  from  reaching 
the  drawbar  beyond  the  coupler  cage. 

The  longitudinal  motion  of  this  cage,  when  not  locked,  is  the  same  as  that 
of  the  piston  and  drawbar  proper,  and  is  in  the  direction  of  the  pull  along  the 
center  line  of  the  car,  and  for  any  pull  under  100,000  pounds,  were  there  no 
leakage,  would  never  amount  to  more  than  0.3  of  an  inch,  but  in  case  of  shock-s 
or  leakage  a  total  motioa  of  2.8  inches  (1.4  inches  either  way  from  the  central 
position)  is  allowed  for.  This  excessive  motion  will  be  but  temporary  in  any 
case,  as  a  leakage  pump  is  to  be  provided  to  automatically  adjust  the  piston  \o 
its  central  position. 

Since  the  coupler  cage  as  described  has  no  side  play  to  speak  of  and  so  little 
longitudinal  motion,  it  becomes  a  comparatively  easy  matter  to  completely  seal 
the  drawbar  as  a  whole  within  the  box  girder  of  the  underframe,  to  keep  out 
dust  and  protect  the  ball  bearings  from  rust,  by  simply  inserting  a  strip  of  pack- 
ing around  the  outside  .surface  of  the  coupler  cage,  between  it  and  the  closely 
surrounding  surface  of  the  steel  casting  which  forms  the  opening  in  the  end  of 
the  box  girder  through  which  the  coupler  cage  protrudes. 

It  may  be  noted  here  that  the  box  girder  described  is  made  deeper  for  a  dii^ 
tance  at  the  point  where  the  piston  is  located,  and  also  at  the  100,000  pound 
buffer  springs,  to  provide  more  room  for  these  parts  and  for  getting  at  them, 
which  will  be  done  from  man-holes  in  the  car. 

The  effective  area  of  the  drawbar  piston  is  to  be  181.12  square  inches.  The 
movement  of  the  dynamometer  pull  pen  at  full  capacity  is  to  be  10  inches.  Thus 
to  get  the  10  inches  motion,  that  of  the  drawbar  will  be  multiplied  practically 
36  times  at  the  recording  cylinder.  The  pull  pen  is  attached  to  the  end  of  the 
piston  rod  of  the  recording  cylinder,  which  is  40  inches  long  inside  and  2j  i  inches 
in  diameter,  having  the  effective  area  of  5.032  s(juare  inches. 

The  recording  piston  is  26  inches  long  over  all,  and  midway  of  its  length  con- 
sists of  a  two-wheel  carriage  IS  inches  long,  which  carries  the  weight  of  the  pis- 
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ton.  The  two  carriage  wheels  are  of  very  nearly  the  same  diameter  as  the  pis- 
ton itself,  the  two  ends  of  the  piston  being  each  four  inches  long  and  the  closest 
possible  fit  in  the  cylinder,  so  as  to  work  without  packing  and  with  a  minimum 
of  leakage  and  friction. 

The  pressure  is  transmittcHl  from  the  front  or  back  head  of  the  drawbar  pis- 
ton, according  as  the  force  at  the  drawbar  is  a  pull  or  a  push,  to  but  one  end  of 
the  recording  cylinder,  and  all  oil  which  leaks  past  either  piston  is  carried  back 
to  the  supply  and  used  again  without  being  allowed  to  offer  any  back-pressure 
against  the  pistons.  From  this  it  will  be  seen  that,  whether  pull  or  push,  the 
"pull"  pen  travel  is  all  on  one  side  of  the  zero  or  base-line.  The  indication  of 
a  pull  or  push  is  to  be  recorded  on  the  diagram  just  as  in  the  present  car,  as  des- 
cribed in  the  pajier,  but  by  means  of  a  device  which  depends  on  the  fact  that, 
in  changing  from  a  pull  to  a  push  or  the  reverse,  the  hydraulic  check  valves  in 
the  drawbar  cylinder  are  not  reverscnl  until  the  drawbar  piston  has  been  moved 
to  the  other  side  of  its  central  position  by  ^\  of  an  inch;  that  is  to  say,  all  pull 
records  will  be  taken  while  the  drawbar  pi.ston  is  from  i\  to  1  x\  inches  for\\'ard 
of  its  central  position,  and  likewise  all  push  records  when  at  a  like  distance  to 
the  rear  of  its  central  position. 

The  measurement  of  the  amount  of  pull  or  push  exerted  on  the  drawbar  pi>- 
ton  is  accomplished  by  means  of  helical  springs,  of  known  calibration,  intrinluctHl 
symmetrically  around  the  outside  of  the  recording  cylinder  to  resist  the  motion 
of  the  piston  rod  of  the  same.  For  the  full  capacity  of  lOO.CMK)  jwunds,  since 
the  motion  is  multiplied  36  times,  the  total  resistance  to  be  offere<i  by  the  heli- 
cal .springs  referred  to,  is  one  thirty-sixth  (Vg)  part  -of  100,()()()  pounds,  or  277N 
pounds.  Now,  if  we  suppose  that  there  are  six  of  these  helical  springs  in  the 
nest,  all  alike  spaced  60  degrees  apart  around  the  piston  rod,  each  spring  would 
have  a  load  on  it  of  463  pounds  when  there  is  a  load  of  10(),(K)0  ixnmds  on  the 
drawbar  and  con.sequently  when  the  springs  are  compressed  the  full  10  inches. 

If,  now,  it  is  desired  to  make  the  capacity  but  50,000  pounds  for  the  10  inches 
motion,  it  can  be  done  by  removing  every  other  one  of  the  six,  leaving  three 
springs  spaced  120  degrees  apart.  Again,  if  33,333  pounds  is  the  desired  total 
capacity,  it  can  in  like  manner  be  had  by  removing  four  of  the  springs,  leaving 
any  two  diametrically  opposite.  And,  again,  by  removing  any  one  pair  of  springs 
which  are  diametrically  opposite  each  other,  the  four  springs  remaining  will  have  a 
capacity  for  the  10  inches  of  66.667  pounds,  so  that  the  total  capacity  of  the  dyna- 
mometer could  be  made  33,333  pounds,  50,000  pounds,  66,667  pounds,  or  100,000 
pounds,  as  desired,  or  per  one  inch  of  ordinate  one-tenth  of  these  amounts. 

From  this  it  will  be  clear  if,  in.stead  of  making  all  the  six  resistance  springs 
alike,  they  be  made  in  pairs,  but  each  pair  of  a  selected  stiffness,  it  is  possible 
to  have,  in  all,  seven  different  dynamometer  capacities  from  but  three  pairs  of 
springs.  For  instance,  if  one  pair  is  made  to  give  a  total  capacity  of  10,000 
pounds,  or  1000  pounds  per  inch  of  ordinate,  another  pair  for  ?*"'MM)  rv>unds,  or 
3000  pounds  per  inch,  and  the  third  pair  for  60,0(K)  pounds  hIs  per 

inch,  the  possible  combinations  as  above  explained  will  gi  allow- 

ing seven  capacities:    10,000,  30,000,  40,000,  60,000,  70,00  1,000 

pjounds,  or  per  inch  of  ordinate  one-tenth  of  these  amoui 

By  providing  an  additional   pair  or   so  of   these    resii  ible 

to  conveniently  have  any   capacity  or  scale  that    may  ing 
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on  the  nature  of  the  work  to  be  done.  Furthermore,  it  is  not  absolutely  neces- 
sary in  all  cases  to  entirely  remove  the  springs  in  changing  from  one  capacity 
to  another,  for  any  one  or  more  of  the  resistances  may  be  compressed  solid  while 
in  position,  so  as  not  to  be  included  in  the  resistance  to  the  motion  of  the  record- 
ing piston,  when  pressure  is  applied  to  the  recording  cylinder  from  the  drawbar 
piston. 

The  hydraulic  apparatus  or  dynamometer  proper,  including  the  method  of 
applying  the  resistance  springs,  just  described,  is  the  design  of  Mr.  Albert  H. 
Emery,  of  Stamford,  Connecticut,  who  is  also  the  designer  and  patentee  of  the 
weighing  mechanism  of  the  present  dynamometer  car. 

The  description  which  has  been  given  in  the  pai)er,  of  the  recording  mechan- 
ism of  the  present  car,  will  serve  to  give  a  general  idea  of  what  will  be  employed 
in  the  new  one.  The  motion,  however,  will  be  taken  from  the  axle  by  a  screw 
gear.  Since  the  axle  has  a  motion  in  all  directions  relative  to  the  car  body,  pre- 
venting the  use  of  a  fixed  shaft,  two  Hookers  (Universal)  joints  are  included  in 
the  line  of  shafting  connecting  the  screw  gear  and  the  mechanism  to  be  driven. 
These  joints,  as  well  as  the  shaft,  are  made  of  a  new  design,  with  a  view  to  in- 
suring that  they  will  run  in  perfect  balance  at  high  speeds. 

In  addition  to  the  recording  pens  mentioned  in  the  paper,  there  wiU  be  one 
to  lay  oflf  a  mark  every  1000  feet  traveled;  by  counting  the  number  of  spaces 
thus  laid  oflf,  the  distance  between  any  two  points  located,  or  the  total  distance 
run,  can  be  promptly  determined  from  the  diagram  within  a  small  fraction  of 
one  per  cent.  Another  advantage  of  this  automatic  distance  spacer  is  that  it 
provides  a  means  for  correction  if  the  paper  shrinks  or  as  the  wheels  on  the 
axle  from  which  the  motion  is  taken  wear. 

There  will  also  be  one  spare  pen.  With  the  datum  pen  and  pull  pen  there 
will  be,  in  all,  ten  recording  pens. 

The  travel  of  the  paper  will  be  the  same  as  in  the  present  car — 52.8  inches 
per  mile,  or  one  inch  per  100  feet.  The  \iidth  of  the  paper  diagram  has  been 
increased  from  14}  inches  to  18  inches,  mainly  because  of  the  greater  travel  of 
the  pull  pen,  due  to  the  greater  capacity  of  the  car.  In  fact,  it  is  because  the 
28,000  pounds  capacity  of  the  present  car,  sufficient  twenty  years  ago,  is  only 
28  per  cent,  of  the  capacity  thought  necessary  to  provide  for  today  that  the  new 
car  is  being  built. 

Descriptions  with  drawings  which  have  been  published  recently  by  the  **  Rail- 
way Age,"  "Railroad  Gazette,"  and  "American  Engineer  and  RailroadJoumal/* 
of  the  locomotive  testing  plant  exhibited  by  the  Pennsylvania  Railroad  at  the 
St.  Louis  Exposition,  will  be  found  valuable  in  this  connection  to  tho^e  inter- 
ested, as  the  recording  meclianisms  in  the  two  cases  are  very  similar. 

The  car  will  be  lighted  by  electricity  by  means  of  a  5"  X  6"  De  La  Vergne 
Machine  Company  vertical  oil  engine  vnth  direct  connected  dynamos,  in  connec- 
tion with  a  storage  battery,  which  will  also  be  the  means  of  operating  the  leak- 
age pump  and  the  eight  electric  circuits  to  the  dynamometer  {)ens.  There  will 
also  be  sleeping  accommodations  for  eight  men,  with  some  other  conveniences, 
including  room  for  a  kitchen,  but  no  provision  as  yet  for  any  cook. 

E.  P.  Coles. — At  the  risk  of  calling  attention  to  a  few  facts  that  most  of  us 
are  already  famiHar  with,  I  presume  it  might  be  of  interest  to  speak  of  one  or 
two  features  that  are  essentially  quite  diflFerent  in  the  ordinary  troUey  cars  as 
we  know  them,  and  this  heavy  traction  work. 


80  Leffmann — George  Washington  as  an  Engineer, 

Washington  was  not  a  college  man.  He  had  no  training  in  the  classics, 
ence  we  miss  in  his  \\Titings  those  scraps  of  Horace,  Homer,  and  Cicero 
hat  are  so  common  in  the  writings  of  his  period  and  are  still  often 
bserved  in  this  less  classical  age.  This  is  no  loss,  for  we  have  in 
•lace  of  such  illusions,  unaffected  expressions  of  sentiments  and  simple 
ecital  of  facts. 

Even  as  to  the  French  language,  which  in  his  day  was  the  language 
f  the  cultured  classes  of  all  Europe,  and  which  he  must  have  heard 
lore  or  less  in  his  home,  he  was  so  deficient  that  he  was  unable  to  under- 
tand  the  articles  of  capitulation  of  Fort  Necessity.  He  signed  these, 
fter  verbal  translations  of  them  by  one  of  his  staff,  and,  as  appeared 
iter,  was  deceived  on  some  points. 

Washington  had  some  ^nse  of  humor,  but  not  nearly  so  much  as 
ome  of  those  who  labored  with  him  in  his  great  works.  He  was 
ntirely  different  from  Thomas  Paine  and  Benjamin  Franklin.  He 
ould  not  have  written  ''Common  Sense"  or  edited  '^Poor  Richard's  Al- 
iianac."  Indeed,  he  took  himself  rather  seriously,  and  his  early  train- 
ng  in  aristocratic  surroundings,  while  it  did  not  corrupt  his  sense  of 
ustice  or  render  him  indifferent  to  rights  of  mankind  at  large,  naturally 
leveloped  a  conservatism  in  politics  and  religion 'and  a  reser\'e  in 
tianners  which  would  today  probably  seriously  restrict  his  popularity, 
le  was  entirely  satisfied  during  a  large  part  of  his  life  to  owe  an  alle- 
:iance  to  a  hereditar\'  monarch,  and  he  gave  his  best  efforts  in 
•bedience  to  that  allegiance.  He  was  opposed  to  the  movement  for 
tulependence  of  the  colonies  in  the  initiative  disputes  with  the  mother 
ountr\',  as  indeed  were  many  colonial  statesmen,  but  he  bowed  to  the 
ogic  of  events  and  was  second  to  none  in  his  readiness  to  make  sacrifices 
or  the  cause  of  independence.  Looking  at  the  question  \vithout  the 
Luowledge  of  events,  as  he  was  obliged  to  do,  it  seems,  indeed,  that 
Vashington  and  his  immediate  associates  had  more  to  lose  than  gain- 
)y  independence.  As  landed  gentr\',  holding  large  tracts  of  territory- 
)y  patents  from  the  Crown,  they  might  consider  themselves  more  secure 
han  in  a  republic,  in  which  socialistic  and  communistic  notions  may 
irise  and  spread  with  great  rapidity.  We  must  give  great  credit  to 
he  men  who  risked  their  lives  and  fortunes  in  the  revolutionar\'  cause. 
Jany  of  the  well-to-do  were  not  so  self-sacrificing. 

Notwithstanding  the  conspicuous  life  of  Washington  and  the  large 
.mount  of  autograph  material  that  has  been  available  to  historians  for 
»ver  a  centur>%  the  real  Washington  is  not  yet  known.  The  myth^ 
iiaking  tendencies  of  mankind  have  been  exercised  upon  his  personalitr 
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On  the  ordinary  trolley  car,  to  begin  with,  the  power  is  taken  from  the  over- 
head wire  by  the  small  trolley  wheel.  Our  interurban  cars,  in  many  instances, 
have  already  reached  the  point  where  it  is  very  difficult  to  take  sufficient  power 
from  the  wire  by  that  means;  the  trolley  wheels  have  been  quite  a  source  of 
trouble,  and  it  would  be  absolutely  out  of  the  question  to  take  the  power  for  a 
heavy  train  through  a  single  overhead  trolley  in  that  way.  Mr.  McClellan  has 
called  our  attention  to  the  difficulties  that  we  would  run  into  if  we  should  try 
to  use  more  than  one  trolley,  so  there  is  no  solution  to  be  looked  for  in  that  di- 
rection on  the  heaviest  trains  that  are  now  being  operated  by  electricity.  On 
the  elevated  and  the  underground  roads  in  New  York  the  third  rail  system  is 
used.  Of  course,  that  has  much  wider  limits,  because  the  sliding  shoe  on  the 
third  rail  gives  less  trouble  than  the  trolley  wheel,  and  it  is  not  objectionable, 
therefore,  to  have  a  number  of  these  shoes, — one  or  two  per  car,  for  example. 
When  we  get  into  high-tension  work  on  the  trolley,  then  the  amount  of  current 
to  be  handled  will  become  proportionately  less  as  the  voltage  increases,  and  this 
will  enable  us  to  take  very  much  more  power  from  an  overhead  trolley  line  than 
we  can  now  take  by  using  the  500-volt  direct  current. 

There  is  another  point  which  limits  the  amoimt  of  power  that  we  can  con- 
veniently handle,  and  that  is  the  controller  as  used  on  the  present  cars,  where 
all  the  current  comes  into  the  controller  proper.  When  we  get  into  the  running 
of  heavy  trains  it  would,  of  course,  be  practically  impossible  to  build  a  controller 
large  enough  to  give  sufficient  areas  of  contacts  to  handle  the  current  and  to 
allow  for  the  very  heavy  cables  used  to  be  led  into  this  controller.  To  obviate 
this  difficulty,  several  methods  of  train  control  have  been  put  into  use,  one  of 
which  consists  of  a  single  small  controller,  known  as  the  master  controller,  which 
is  not  more  than  one-fourth  the  size  of  the  ordinary  controller  on  our  city  trolley 
cars.  The  only  current  that  passes  through  this  master  controller  is  that  which 
actuates  the  magnets,  which  are  called  "plunkers,"  and  are  mounted  on  the 
bottoms  of  the  various  cars  in  the  train.  It  does  not  make  any  diflference  whether 
there  be  a  single  car  or  a  number  of  the  cars  in  the  train,  all  equipped  with  these 
plunkers,  a  single  controller  from  any  car  in  the  train  can  operate  them  all,  and 
the  current  for  the  motors  passes  through  these  plunker  magnets,  or  the  con- 
tacts which  are  controlled  by  these  magnets,  but  not  through  the  master  con- 
troller. 

There  is  another  point  that  we  must  consider  when  we  begin  to  put  very  large 
motors  on  cars.  On  the  ordinary  trolley  car  the  motor  is  hung  entirely  from 
the  car  axle;  that  is,  the  body  of  the  motor  itself  is  hung  from  the  axle,  and,  of 
course,  any  motion  or  any  jolting  of  the  car  axle  is  imparted  to  the  whole  motor 
and  it  all  moves  together.  On  some  of  the  larger  motors  that  have  been  built, 
as,  for  example,  the  ones  on  the  New  York  Central  locomotive,  the  armature  of 
the  motor  is  on  the  car  axle,  whereas  the  body  of  the  motor,  the  pole-pieces  and 
the  field  coils,  are  hung  from  the  car  body  itself.  They  have  motions  indep>en- 
dent  of  each  other,  and  in  order  to  prevent  any  striking  of  the  pole-pieces  on 
the  armature  the  air  gap  is  made  much  larger  than  on  the  ordinary  trolley  mo- 
tors, and  the  pole  faces  are  so  arranged  that  there  is  a  very  slight  amount  of 
concavity  on  them.  On  the  New  York  Central  locomotive,  for  example,  the 
motor  case  can  move  vertically  as  much  as  4  inches,  independently  of  the  arma- 
ture, without  causing  the  armature  to  strike  on  the  pole-pieces. 
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H.  A.  Foster. — I  have  made  one  or  two  notes  regarding  Mr.  McClellan's 
paper.  He  speaks  of  reasons  for  l)eing  rather  conservative  in  the  re-equipping 
of  large  steam  roads  with  electricity,  and  I  think  that  he  is  entirely  right,  but  I 
think  we  might  qualify  that  particular  statement  a  little  in  this  way:  If  thesse 
equipments  are  to  be  largely  for  passenger  conditions,  that  is,  for  the  short-haul 
business,  etc.,  we  could  consider  other  reasons  for  changing  than  economy  in 
power  or  fuel,  for  the  reason  that  it  has  been  found  by,  I  may  say,  in  some  case^, 
sad  experience,  that  the  increase  in  traffic  has  been  so  much  as  to  show  that  the 
predetermined  calculations  have  been  too  small  and  it  has  been  found  difficult 
to  re-arrange  them  afterward. 

Mr.  McClellan  speaks  in  his  paper,  in  referring  to  the  determination  of  th** 
power  required,  of  making  an  experienced  guess;  he  speaks  also  of  its  being  ver>' 
crude,  etc.,  and  I  think  I  am  right  in  saying  that  probably  seven-eighths  have 
guessed  too  little  on  the  power,  because  the  promoter  did  not  want  to  pay  for 
as  much  power  as  the  engineer  deemed  necessary.  I  think  we  are  fortunate  in 
one  thing,  and  that  is  in  having  the  experience  of  all  the  locomotive  designers- 
and  engineers  to  work  upon  in  connection  with  electrical  locomotives.  Few  in- 
experienced engineers  would  otherwise  ever  get  things  strong  enough  to  bump 
up  against  a  freight  train  and  not  break  something.  As  to  the  matter  of  o\-er- 
coming  the  question  of  high  voltage,  insulation,  and  so  forth,  that  is  a  matter 
that  w^e  cannot  very  well  dispose  of.  We  must  have  a  high  voltage,  simply  he- 
cause  we  cannot  take  the  current  off  the  wire  without  it.  The  question  is  going 
to  be  largely  how  to  handle  it.  As  we  found  it  at  first  rather  difficult  to  insulate 
at  500  volts,  I  think  it  will  be  found  still  more  difficult  to  insulate  against  a  po- 
tential of  1000  volts,  and  still  more  for  3000,  6000,  or  10,000  volts.  As  far  as 
danger  to  life  is  concerned,  it  has  been  found  that  3000  volts  will  kill  a  man  just 
as  dead  as  10,000  volts  will.  Now,  the  question  is  to  get  insulation  enough,  for 
with  any  of  these,  2500  or  3000  volts  we  reach  the  danger-point, — but  we  must 
insulate  things  so  that  people  will  not  be  afraid  to  ride  on  the  cars.  Mr.  Mc- 
(^lellan  speaks  also  of  the  motorman  destroying  all  our  calculations.  Mr.  Hewitt 
read  a  paper  here  a  few  years  ago  about  some  trials  that  were  made  on  some  long 
runs  in  Philadelphia,  where  a  watt-meter  was  placed  upon  a  car  which  was  run 
over  a  certain  line  for  perhaps  a  week^  trying  each  motorman,  making  a  record 
of  him,  noting  the  number  of  passengers,  time  taken,  etc.,  and  I  think  they  found 
differences  in  p)ower  consumption  of  upward  of  45  per  cent,  due  wholly  to  the 
personality  of  the  motorman  himself.  Therefore  it  is  a  little  difficult  to  calculate 
on  just  how  much  power  any  motorman  will  take.  For  this  reason,  there  have 
been  introduced  >\ithin  the  last  year  automatic  accelerators.  They  are  being 
used  in  some  parts  of  the  subway  system  in  New  York,  where  all  the  motorman 
has  to  do  is  to  turn  the  crank  clear  around,  and  the  accelerator  moves  the  train 
up  gradually  and  evenly. 

It  is  possible  that  some  of  our  locomotive  friends  may  think  that  these  speed 
time  curve  determinations  are  highly  theoretical  and  very  pretty,  and  that  they 
take  a  lot  of  time;  and  they  may  possibly  question  their  accuracy  somewhat. 
I  have  seen  curves  of  that  kind  that  were  predetermined  for  a  line  of  road  7000 
feet  long,  accurately  measured  \^^th  all  the  different  grades,  carefully  surveyed, 
etc.,  and  the  speed  time  curve  built  up  from  the  motor  characteristics  furnished 
by  the  manufacturer  overlaid  the  curve  developed  by  an  automatic  machine 
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on  the  car  equipped  for  the  purpose  of  running  over  this  line,  with  the  predeter- 
mined loads,  etc.,  so  closely  that  you  could  hardly  tell  them  apart.  So  I  think 
there  is  no  question  of  accuracy  of  the  results.  It  has  been  found,  so  far,  to  be 
the  only  method  that  we  can  use  in  order  to  predetermine  in  a  new  road  just 
what  power  will  be  required. 

C.\RL  Hering. — Mr.  Foster  has  already  mentioned  a  number  of  points  that 
I  wanted  to  call  attention  to.  Mr.  McClellan  speaks  of  working  according  to  a 
given  schedule  as  a  basis,  and  shows  how  accurately  one  can  then  make  the  cal- 
culations. But  it  seems  to  me  that  the  great  difficulty  lies  in  making  out  this 
original  schedule,  because  the  road  it^self,  after  it  exists,  will  change  the  whole 
schedule  that  one  started  out  with.  I  once  heard  a  very  prominent  electrical 
railroad  engineer  say  that  he  made  a  calculation  as  to  whether  it  would  pay  to 
construct  a  certain  road  near  New  York,  and  found  that  it  would  not  pay  be- 
cause the  present  traffic  did  not  warrant  it.  Now  this  method  seems  to  me  to 
be  a  great  mistake,  because  we  all  know  very  well  that  the  introduction  of  a  new 
road  will  develop  a  new  and  sometimes  ver>'  large  traffic,  like  in  this  city,  for  in- 
stance. As  Mr.  Foster  has  already  stated,  the  traffic  often  increases  so  very 
much  that  our  original  calculations,  based  on  existing  conditions,  are  entirely 
wrong.  Who  would  have  thought  a  dozen  years  ago,  for  instance,  that  such  an 
enormous  traffic  would  have  developed  between  here  and  Willow  Grove?  Be- 
fore that  line  was  constructed  there  was  scarcely  any  traffic,  and  now  there  are 
days  when  I  believe  there  are  ten  or  twenty  thousand  people,  or  even  more, 
carried  out  there.  I  tlierefore  do  not  think  it  is  often  possible  to  have  at  the 
start  the  accurate  working  schedule  that  Mr.  McClellan  speaks  of  in  his  paper; 
and  accurately  made  deductions  based  on  grossly  inaccurate  a.ssumptions  can- 
not give  accurate  results.  He  says,  for  instance,  that  the  schedule  '*is  known," 
but  very  often  I  think  we  will  find  that  it  is  not  known. 

Mr.  McClellan  speaks  of  the  system  of  rotar\'  transformers  as  a  ''temporary 
makeshift."  This,  however,  is  the  system  which  is  most  largely  in  use  at  the 
present  time.  We  hope  it  may  be  only  temporary,  but  a  thing  that  has  been 
used  largely  and  successfully  a  great  many  years,  can  hardly  be  called  a  *'make- 
.shift." 

In  connection  with  the  energy  required  to  operate  a  road,  I  call  attention  to 
the  excellent  scheme  resorted  to  in  the  new  Ix)ndon  underground  road;  it  dim- 
inishes the  amount  of  power  required  quite  considerably.  On  this  road,  which 
is  from  50  to  70  feet  underground,  the  grades  are  so  established  that  the  stations 
are  high,  while  between  stations  the  road  runs  do^m  and  up  again  to  the  next 
station,  like  the  dips  on  the  children's  toboggan  railways.  When  the  car  starts 
it  always  goes  down-grade  first,  and  therefore  has  the  grade  to  assist  it  in  accele- 
rating; and  after  it  has  drifted  and  has  come  near  to  its  next  stop,  it  mounts 
the  grade,  and  in  that  way  the  power  which  has  been  stored  up  and  generally 
goes  to  waste  in  the  brakes  is  made  use  of.  That  is  possible,  of  course,  only 
where  you  can  establish  your  own  grade,  as  in  an  underground  road.  In  our 
city  streets  the  reverse  conditions  always  exist,  the  highest  point  being  between 
two  streets  instead  of  at  the  crossings,  so  that  the  cars  always  have  to  start  and 
accelerate  on  an  up-grade,  and  brake  on  a  down-grade,  which  is  just  the  reverse 
of  what  it  ought  to  be.  In  laying  out  new  cities  it  might  be  worth  while  to  con- 
sider the  question  of  reversing  the  ordinary  custom,  and  have  the  crossings  higher 
than  the  points  between  the  streets. 
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Mr.  McClellan  has  perhaps  given  the  impression  that  very  accurate  figiiring 
is  more  necessary  for  electrical  engineers,  for  establishing  their  roads.  I  do  not 
think  that  that  is  quite  correct.  It  is  not  that  electrical  engineers  need  all  this 
accurate  data;  but  it  is  because  they  can  work  with  far  greater  accuracy,  that 
they  can  make  use  of  such  data,  therefore  the  data  is  desirable.  With  steam 
engineers  such  accuracy  is  not  necessary,  because  they  cannot  work  as  accurately. 
They  simply  build  their  locomotives  much  larger  than  is  necessary,  and  that  is 
all  that  is  required.  If  they  do  not  need  the  power,  they  simply  put  in  a  little 
less  coal.     They  could  not  work  so  accurately  even  if  they  had  the  data. 

Charles  Hewitt. — As  I  understand  Mr.  McClellan's  paper,  he  discusses  the 
method  one  must  pursue  in  solving  the  problem  of  equipping  a  heavy  traction 
road  with  electricity.  He  has  brought  before  us  the  prominent  lack  of  certain 
data  and  he  has  set  before  us  the  figures  and  data  that  we  can  work  on,  and  the 
things  which  should  be  determined  accurately  for  future  work.  It  is  an  old 
saying  that  "history  repeats  itself,"  and  it  seemed  to  me  as  I  listened  to  Mr. 
McClellan  tonight  that  we  are  repeating  what  we  first  went  through  in  abandon- 
ing the  old  horse-cars.  Years  ago — about  1887  or  a  little  earlier — they -were 
exj>erimenting  abroad  and  determining  certain  things,  trying  to  get  data  on  which 
to  equip  cars  for  light  transportation;  while  in  this  country  Sprague  and  others 
went  to  work  and  got  something  running,  and  began  carrying  passengers,  and 
finally  we  have  a  very  large  development  here  now,  and  know  pretty  well  what 
can  be  done  in  that  line.  The  same  thing  is  going  ahead  in  this  country  today 
in  heavy  traction  work.  Abroad  they  are  spending  a  great  deal  of  money  in 
determining  the  data  which  we  now  lack.  Experiments  are  being  carried  on 
near  Zurich  and  other  places  in  Germany  with  high-tension  lines,  not  only  de- 
termining the  amoimt  of  power  required,  but  almost  every  conceivable  design 
of  insulator  and  collector  is  being  tried,  and  they  are  determining  various  other 
data  that  enter  into  the  problem.  In  the  meantime,  in  this  country  the  Xew 
York  Central  and  the  Baltimore  and  Ohio  Railroads  have  gone  ahead  and  ha\*e 
built  very  large  locomotives,  and  probably  by  the  time  they  reach  the  end  of 
their  experiments  in  Europe  roads  will  be  running  in  this  country.  That  is  in 
a  few  words  the  situation  as  it  stands  today.  Nobody  yet  has  attacked  the  long- 
distance trunk  line  problem  except  on  pajier,  and  before  that  is  undertaken  the 
necessary  data  will  have  to  be  determined.  I  was  asked  thi^  evening  whether 
I  candidly  and  honestly  looked  forward  to  the  day  when  the  trunk  line  would 
be  electrically  equipped.  I  am  free  to  say  that  I  do  not  intend  to  be  a  prophet, 
but  he  would  be  a  very  unwise  and  a  very  foolish  man  who  would  attempt  to 
dispute  the  fact  that  some  day  the  trunk  line  will  be  electrically  equipped.  We 
have  seen  more  wonderful  things  happen  in  our  short  lives,  and  I  expect  to  aee 
it,  if  I  live  a  few  years  longer.  Just  what  form  it  will  take,*  and  what  details, 
and  what  voltage  it  will  take,  we  may  not  know  at  the  present  time,  but  I  cer- 
tainly look  forward  to  it. 

Mr.  Trautwine. — In  Fig.  10  the  speed  curve  shows,  between  points  0  and 
B  (0-20  ^seconds),  a  unifonnly  increasing  velocity  from  0  up  to  40  miles  per 
hour;  from  B  to  C  (20-30  seconds),  a  velocity  uniformly  decreasing  to  about 
36  miles  per  hour.  From  C  (30  seconds  to  about  34  seconds)  the  velocity  ap- 
pears to  increase  uniformly  to  about  46  miles  per  hour,  and  from  that  point  to 
D  (65  seconds)  the  velocity  increases,  but  with  a  diminishing  acceleration,  to 
about  57  miles  per  hour. 
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From  D  to  E  (65-70  seconds)  the  velocity  diminishes  imiformly  to  about  55 
miles  per  hour,  and  from  E  to  F  (70-115  seconds)  it  diminishes  uniformly,  but 
at  a  less  rate,  to  about  47  miles  per  hour. 

It  then  again  increases,  with  a  diminishing  acceleration,  from  F  to  G  (115- 
140  seconds)  to  55  miles  per  hoiu*. 

During  this  same  time  there  were  three  periods  (represented  by  the  three 
shaded  areas)  during  which  work  was  expended  and  velocity  increased. 

In  the  second  of  these  shaded  areas,  beginning  at  the  thirtieth  second,  we  have 
a  short  period  during  which  the  expenditure  of  work  was  uniform,  and  a  corre- 
spondingly uniform  acceleration,  beginning  at  the  point  C,  but  in  the  remainder 
of  that  area,  and  in  the  third  shaded  area,  the  curved  upper  boimdary  of  the 
shaded  area  shows  a  diminution  in  work  done,  corresponding  to  the  diminution 
of  acceleration  shown  by  the  speed  curve. 

All  this  is  as  we  should  expect  to  find  it. 

But  in  the  first  of  the  three  shaded  areas,  although  the  speed  curve  shows  a 
uniform  acceleration,  from  0  velocity  to  40  miles  per  hour,  between  points  0  and 
B  (0-20  seconds),  corresponding  to  which  we  should  expect  to  find  a  imiform 
expenditure  of  work,  we  find,  on  the  contrary,  for  the  first  ten  seconds,  only  half 
the  expenditure  of  work  which  we  find  in  the  remaining  ten  seconds  covered  by 
that  area. 

It  would  seem,  therefore,  that,  if  the  shaded  area  representing  work  done,  is 
correct,  the  speed  curve,  for  the  first  twenty  seconds,  should  show  two  straight 
lines  instead  of  one,  the  first  one  covering  the  first  ten  seconds,  and  showing  a 
lower  rate  of  acceleration  than  the  second  one,  covering  the  tenth  to  twentieth 
seconds. 

Mr.  McClellan. — Well,  that  is  due  to  the  method  of  car  control.  Car  motors 
are  always  a  double  equipment  of  either  one  or  two  pairs.  When  the  car  is 
started,  these  motors  are  always  two  in  series,  with  a  certain  amount  of  resist- 
ance in  series.  As  the  car  speeds  up,  this  resistance  is  theoretically  cut  out  so 
as  to  keep  the  current  at  some  constant  value,  which  means  constant  torque. 
When  this  resistance  is  all  out,  the  motors  are  thrown  in  parallel,  with  the  resist- 
ance all,  or  in  part,  in  circuit  again.  This  resistance  is  again  gradually  cut  out 
so  as  to  keep  the  current  at  the  one  constant  value.  Until  this  is  all  out  we  have 
constant  torque,  and  this  is  represented  on  the  curve  by  the  line  A  B.  Now,  as 
there  is  no  more  resistance  to  be  cut  out,  the  further  increase  in  counter  electro- 
motive force  causes  the  current  to  decrease  to  a  much  lower  value,  giving  a  con- 
stantly decreasing  torque. 

The  point  raised  is  therefore  easily  explained.  The  energy  curve  represents 
the  energy  given  to  the  motor  system  of  the  car.  It  is  only  when  all  the  resist- 
ance is  cut  out  that  the  motors  receive  all  this  energy.  It  should  be  explained 
that  this  energy  curve  is  an  ideal  one,  and  could  only  be  obtained  if  the  car  were 
supplied  with  a  water  rheostat,  in  which  the  resistance  could  be  cut  out  without 
jumps.  The  actual  energy  curve  approximates  this  curve  more  or  less  closely, 
according  to  the  adjustment  of  the  rheostats.  To  sum  up,  throughout  the  straight 
line  portion  of  the  speed  time  curve,  the  current  per  motor,  and  therefore  the 
torque,  is  constant.  If  all  retarding  forces  are  constant,  this  will  give  uniform 
acceleration.  This  does  not  appear  on  the  energy  curve  because  the  rheostats 
are  taking  part  of  the  energy  supplied. 

Mr.  Trautwine. — The  author  remarks:    "The  trouble  with  all  the  above 
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formulas,  and  the  many  others  like  them,  is  that,  derived  as  they  were  from 
special  conditions  of  some  sort,  they  vriil  not  answer  for  general  w*ork.  The 
problem  is  analogous  to  the  famous  Kutter  fonnula  in  hydraulics.  Some  day 
when  we  have  sufficient  data  we  shall  be  al)le  to  WTite  a  formula,  with  var>-ing 
jiarameters,  that  can  be  applied  to  all  cases  with  reasonable  accuracy." 

In  this  connection,  I  beg  to  observe  that,  when  Mr.  Rudolph  Hering  and  I 
made,  some  eighteen  years  ago,  our  translation  of  Ganguillet  and  Kutter's  work 
describing  the  evolution  of  their  celebrated  formula,  Mr.  Hering,  with  a  pains- 
taking perseverance  characteristic  of  the  Gremian  nation  in  general  and  of  the 
Hering  family  in  particular,  devoted  himself  to  the  preparation  of  a  table  co\er- 
ing  90  pages  and  containing  all  the  data  then  obtainable,  facilitating  the  deter- 
mination of  the  coefficient  "n"  of  roughness. 

With  this  table  before  him,  the  engineer  cannot  complain  of  insufficient  data 
for  the  determination  of  that  coefficient;  and,  with  the  diagram  accompanWng 
our  translation,  the  finding  of  the  velocity,  etc.,  for  any  given  case,  l>ecomesi  a 
very  simple  matter. 

Mr.  McClell.\x. — The  speaker  is  acquainted  with  the  verj'  valuable  work 
to  which  reference  has  been  made — indeed,  what  engineer  is  not  who  has  to  do 
any  hydraulic  work?  Nevertheless  there  is  still  some  discussion  about  the  cor- 
rect values  of  the  coefficients,  under  certain  circumstances,  and  as  to  the  agree- 
ment of  calculated  results  with  obser\'ed  ones.  Perhaps,  however,  it  would  l>e 
more  accurate  to  say  that  the  situation  is  analogous  to  that  which  obtained  in 
earlier  days  of  the  Kutter  formula.  There  is  one  important  difference  that  should 
be  noticed.  The  Kutter  formula  is  for  the  coefficient  c  in  the  Chezy  formula. 
The  latter  is  fundamentally  theoretical,  the  coefficient  of  roughness  being  cal- 
culated from  the  empirical  Kutter  formula.  Our  train  resistance  formulas,  how- 
ever, are  wholly  empirical,  so  far. 

It  would  be  interesting  to  discuss  tonight  the  difference  between  hydraulic 
dynamometers  and  spring  dynamometers,  as  it  is  a  very  interesting  problem; 
the  whole  trouble  is  the  friction.  Hut  there  is  not  time  for  that  now.  With 
reference  to  the  point  which  Mr.  Coles  brought  up,  it  is  an  extremely  important 
one,  though  I  did  not  say  much  about  it  in  the  paper.  A  car  such  as  we  haxe 
in  mind  here  might  require  to  take  as  much  as  2000  amperes  through  one  of  those 
little  trolley  wheels.  Now,  if  you  will  think  of  getting  2000  amperes  through 
a  trolley  wheel,  you  will  appreciate  what  the  result  would  be.  In  fact,  the  third 
rail,  as  Mr.  Coles  intimated,  was  necessary*  before  this  heavy  traction  work  could 
be  done  at  all.  The  use  of  high  voltage  on  the  third  rail  is  entirely  out  of  the 
question.  I  think,  therefore,  we  shall  certainly  have  an  overhead  or  side  trolley 
to  handle  this  high  voltage.  In  connection  with  the  matter  of  predetermina- 
tion, I  agree  with  what  one  of  the  speakers  said,  on  the  question  of  guessing  u>o 
small.  I  had  occasion  to  deal  with  this  on  three  different  stations,  and  the  only 
thing  to  be  done  was  to  put  on  an  extra  engine  and  some  more  generators. 

Automatic  accelerators  are  good  devices,  but  they  only  get  the  car  started 
properly.  Tlie  motorman  still  may  take  it  off  when  he  pleases,  which  is  iL*<uaUy 
somewhere  in  the  middle  of  the  coasting  curve. 

In  regard  to  the  dipping  of  the  street  at  the  center,  for  traction  purposes,  I 
think  the  sanitary  engineer  would  have  an  objection  or  two  to  this  plan.  There 
is  no  doubt  that  this  plan  could  often  be  adopted  to  advantage  in  subway  work. 

Too  much  stress  cannot  be  laid  on  the  fact  that  a  high  voltage  is  nec«*sftry 
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for  much  of  our  future  railroad  work  if  it  is  to  be  done  electrically  at  all.  That 
is,  it  is  a  sine  qim  non,  and  not  a  question  of  advisability. 

A  number  of  points  have  been  raised  with  regard  to  accuracy,  use,  and  feas- 
ibility of  these  methods.  First,  with  regard  to  the  schedule.  When  a  road  is 
to  be  designed,  an  estimation  of  the  probable  traffic  and  a  schedule  of  some  sort 
is  necessary.  To  be  sure,  the  schedule  is  always  more  or  less  tentative.  To 
make  an  estimation  of  the  future  traffic  is  always  difficult.  In  the  past  it  has 
been  done  either  by  a  promoter,  who  usually  sees  double,  or  by  an  electrical  en- 
gineer, who  is  inexperienced.  Seldom  indeed  has  a  traffic  expert,  of  the  kind 
to  be  found  only  with  the  great  railroad  systems,  had  the  problem  to  solve. 
Nevertheless  experience  is  gained  very  quickly  in  these  factors,  and  our  knowl- 
edge is  much  more  definite  in  this  connection  than  it  was  even  a  year  ago.  In 
the  instance  cited  by  one  of  the  speakers — Willow  Grove — we  have  a  good  ex- 
ample. The  promoters  in  this  case  did  see  ahead  more  or  less  correctly,  as  is 
evidenced  by  the  money  originally  put  into  the  project.  It  was  not  the  build- 
ing of  the  trolley  line  itself,  but  the  park  and  Sousa's  band  at  the  other  end. 
What  is  not  so  easily  estimated  is  what  might  be  called  legitimate  traffic  or  neces- 
sary transportation.  What  we  need,  and  what  we  shall  have  in  a  comparatively 
short  time,  is  a  man  who  has  studied  the  traffic  situation,  and  can  foresee.  The 
problem  is  likely  to  be  more  and  more  removed  from  the  electrical  engineer  proper 
and  handed  to  this  traffic  expert.  One  of  the  largest  engineering  firms  in  the 
country  now  has  a  distinct  department  devoted  to  this  part  of  the  work. 

The  electrical  problem  is  not  capable  of  any  greater  accuracy  than  the  steam 
problem.  The  locomotive  designer  can  calculate  just  as  closely,  if  he  will,  as 
the  electrical  designer.  But  his  system  has  not  demanded  such  methods,  and 
consequently  he  has  not  developed  them.  That  within  a  year  or  two  he  has 
changed  his  tactics  is  evident  to  any  one  who  has  studied  the  situation. 

The  criticism  that  these  methods  are  rather  finely  drawn  and  theroretical  is 
not  tenable.  The  story  of  the  substitution  of  electricity  for  horses  on  our  street- 
car systems  is  notorious  for  its  lack  of  scientific  engineering.  No  engineer  wants 
history  to  repeat  itself  in  this  way.  It  was  an  accompaniment  of  the  enormous 
amount  of  work  that  had  to  be  done  in  a  short  time.  The  motor  itself  as  well 
as  the  system  had  to  be  designed.  We  are  in  a  much  better  position  now  to  do 
things  in  an  engineering  way,  and  we  should.  Moreover,  the  former  problems 
were  lilliputian  compared  with  our  present  ones. 

The  important  point  to  be  realized  is  that  we  cannot  go  on  in  the  old  way. 
Our  modem  high  speeds,  quick  accelerations,  rapid  braking,  and  frequent  stops, 
demand  the  most  careful  consideration  of  every  factor  that  enters  into  the  re- 
sult. It  is  not  a  question  of  getting  the  cars  over  the  road  at  some  average  speed, 
as  it  was  in  the  early  days  of  street  railroading,  but  to  do  this  in  a  certain  speci- 
fied way  under  most  complex  conditions.  Experimenting  is  absolutely  neces- 
sary, and  we  can  only  hope  that  it  will  be  done  rationally,  each  change  with  a 
particular  end  in  view,  and  not  with  the  desire  to  see  what  will  happen.  More- 
over, Europe  is  not  doing  the  work  for  us,  in  this  case,  as  was  inf  *  ^ata 
we  must  have  or  we  cannot  pK)ssibly  succeed,  and  it  is  fortunat  al- 
ized  very  keenly  by  those  who  are  working  at  the  problems  i  s- 
tion,  for  example,  if  any  one  knows  within  100  per  cent,  wb  II 
is  at  60  miles  per  hour  under  various  conditions.  It  does  p<  3 
drawing  very  fine  lines  in  asking  for  something  more  acc" 
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STEREOSCOPIC  VISION  APPLIED  TO  SURVEYING. 

E.   F.   NORTHRUP. 
Head  May  6,  1905. 

Last  November  it  was  my  privilege  to  meet  Dr.  Czapski,  who  is 
the  technical  director  of  the  Carl  Zeiss  works  at  Jena,  and  to  learn 
from  him  of  the  intensely  interesting  developments  in  optics  that  this 
noted  house  has  recently  been  making.  Of  several  strikingly  new 
instruments  described,  the  two  that  especially  interested  me  are  the 
*' Telemeter''  and  the  ^^Stereocomparator."  It  is  of  these  that  I 
will  give  you  a  ver>'  brief  description. 

Both  these  instruments  make  use  of,  and  apply  in  many  useful  ways, 
the  power  or  principle  of  stereoscopic  vision.  Pew  persons  who  have 
not  given  the  subject  special  study  realize  the  remarkable  features, 
the  usefulness  and  power  of  making  accurate  measurement,  of  bin- 
ocular or  stereoscopic  vision.  If  two  photographs  of  an  object  are 
taken  from  slightly  different  points  of  \iew,  the  two  pictures  obtained 
are  sufficiently  unlike,  so  that,  if  by  any  optical  device,  it  is  attempted 
to  blend  them  together,  by  superposition  or  otherwise,  the  result  can 
only  be  a  blurred  and  confused  image.  But  put  these  two  unlike  photo- 
graphs in  a  stereoscope,  or  any  de\ice  by  which  the  right  eye  sees  only 
the  one  view  and  the  left  eye  sees  only  the  other,  and  instantly  the 
two  unlike  views  blend  together  in  the  brain,  givmg  the  sensation  of 
a  clear  image,  in  outline  slightly  different  from  either  component  view, 
and  possessing  the  additional  property  of  depth  or  relief.  If  two  dia- 
grams are  drawn,  one  consisting  of  a  circle  with  a  black  dot  in  its  cen- 
ter, and  the  other  like  it  except  that  the  dot  is  placed  slightly  out  of 
the  center  of  the  circle,  and  these  two  diagrams  be  combined  in  a  stereo- 
scope, it  will  be  observed  that  in  the  combined  image  the  dot  will  ap- 
pear above  or  below  the  plane  of  the  circle.  In  general,  the  prin- 
ciple is  found  to  hold  in  stereoscopic  \ision,  that  when  two  similar 
views  are  stereoscopically  combined,  all  relative  lateral  displacements 
of  objects  in  the  two  views  in  a  line  joining  the  oculars  produce  the 
physiologic  sensation  of  difference  in  depth  of  these  objects.  Thus. 
if  one  view  is  that  of  the  starr\^  firmament  taken  at  one  hour,  and  the 
other  view  is  of  the  same  part  of  the  firmament  but  taken  at  a  later 
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This  allows  greater  degree  of  aeration. 
In  double  contact  the  fine  filter  may  be  of  lesser  area. 
It  is  aerobic  and  should  be  drained  before  oxygen  is  exhausted. 
Time  limit  should  be  not  over  two  hours  from  complete  flooding. 
Seventh,  Slow  sand  filtration  gives  most  perfect  degree  of  purification. 
The  rate  may  be  increased  by  first  removing  the  sludge  from 

the  sewage. 
The  methods  in  order  of  efliciency  from  least  to  greatest  are: 
Sedimentation, 
Chemical  precipitation, 
Septic  tank. 
Coke  straining. 

Straining  and  forced  aeration. 
Aeration  before  application  of  effluent  to  filter,  advantageous. 
Eighth,  Effluents  of  rapid  aerobic  ffltration  process  are  of  stable  char- 
acter. 
Considerable  suspended  matter  found  therein. 
When  dry  is  granular,  loam-like,  and  inoffensive. 
Resists  bacterial  action  and  secondary  decomposition. 
This  is  of  practical  value  where  a  stream  is  handy  into  which 
a  partially  purified  effluent  may  be  safely  discharged.    As 
in  Dibdin's  early  Thames  problem,  the  diluting  and  oxid- 
izing capacity  of  a  convenient  river  or  body  of  water  may 
be  a  factor  in  the  solution  of  a  disposal  problem. 
The  following  table  gives  the  rates  in  gallons  per  acre  daily  which 
may  be  maintained  by  the  several  processes: 


XlKD  OF 

Sbwagb. 

HxTHOD  or  Prkluhitary 

TBBATMXlfT    OF    SUSPKMDKD 
SOLIM. 

Typk  or  Bacterial 

FiLTBR. 

Gallons  per  Acer 
Daily. 

Fresh  .... 

No  treatment. 

Slow  sand. 

100,000 

Stale 

Plain  subsidence. 

Sand. 

150,000 

tt 

Chemical  subsidence. 

it 

200,000  to  360,000 

it 

Coke  strauxing. 

tt 

320,000 

tt 

Gravel    filtration    aided 

by  current  of  air. 

It 

660,000 

tt 

No  treatment. 

Spraying  coke. 

600,000 

tt 

tt          it 

Double  coke. 

600,000 

tt 

Plain  subsidence. 

Continuous  aerobic, 
broken  stone. 

1,400,000 

Sejjtic.... 

In  septic  tank. 
It      It         tt 

Sand. 

40,000  to  150,000 

Spraymg,  saHd. 

300,000 

(( 

tt      tt         tt 

Contact. 

660,000  to  800,000 

tt 

tt      tt         tt 

Continuous  sprink- 
ling. 

1,400,000 

.8  Leffmann — George  Washington  as  an  Engineer, 

fre  made  to  establish  some  means  of  convenient  transix>rtation. 
en  influences  would  arise,  and  hostile  nations  be  created  on  the 
4onial  borders. 
At  that  time  no  plans  could  suggest  themselves  but  the  construction 

roads  and  water-ways.  The  railroad  was  unthought  of.  Roads 
er  mountains  \M)uld  be  expensive  to  construct  and  operate, 
ie  far-seeing  men  of  that  day  (for  Washington  was  not  alone  in 
ese  matters,  but  he  was  foremost  and  among  the  best  equippeci 
r  proper  judgment)  turned  to  the  question  of  water-transportation , 
d,  by  the  improvement  of  the  rivers  and  the  construction  of  canals, 
•ped  to  accomplish  their  purpose.  Difficultias  of  several  types 
jre  encountered.  The  colonies  were  poor.  The  enterprises  did 
•t  possess  that  excitable  quality  that  leads  to  widespread  speculation, 
►r  were  the  promoters  of  the  plans  men  who  would  have  cared  to 
ke  advantage  of  this  weakness  of  human  nature.  The  colonies 
?re  not  nearly  so  friendly  as  could  be  desired.  It  is  a  common  opin- 
:i  that  the  thirteen  colonies  that  afterward  united  in  prosecution 

the  war  were  always  living  in  affectionate  relations,  but  this  is  not 
ae.  Political  and  social  enmity  was  rife.  Disputas  about  boundaries 
^re  active.  Connecticut,  for  iastance,  claimed  the  territory  directly 
?stward,  which  if  concedeil  would  have  taken  off  nearly  one-half  of 
Minsylvania. 

All  plars  for  these  internal  improvements  were  interrupted  by 
e  events  that  took  place  in  the  early  seventies.  The  dramatic 
cident  at  Concord  bridge  was  followed  by  the  battle  of  Bunker 
ill,  and  the  Continental  Congress  recognized  that  it  must  begin  at 
ice  to  organize  an  army.  On  June  15,  1775,  the  Congress  unani- 
ously  chose  (leorge  Washington,  Ksq.,  (leneral  of  all  forces  raised  or 

be  raised  in  defence  of  American  liberty.  From  that  time  until  the 
(1  day  of  December,  1783,  he  was  entirely  occupied  with  war.  The 
insportation  problems  which  he  had  so  carefully  studied  were  set 
lido.  Yet  we  may  he  sure  that  his  training  in  this  field  of  work 
.)()(!  him  in  good  stead  in  all  his  military'  operations,  and  that  the 
ccess  of  the  colonies  was  due  not  a  little  to  the  fact  that  the  general 

their  armies  united  to  the  qualities  of  integrity,  bravery,  and  atten- 
)n  to  detail,  the  attainments  of  a  practical  engineer. 
( )n  the  23d  of  December,  1783,  Washington  resigned  unconditionaUy 
s  military-  authority.  Of  the  momentous  nature  of  this  step  and  of 
{ influence  on  the  future  histor\'  of  the  nation  it  is  not  necessar>'  here 
^nk.     He  had  earned  fully  the  right  to  retire  to  private  life  anr^ 
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hour  after  a  planet  has  had  time  to  move  sUghtly  relatively  to  the 
background  of  the  stars,  these  two  views  will  combine  in  a  stereoscope, 
and  the  image  of  the  planet  \\ill  appear  to  stand  out  in  front  of  and 
away  from  the  background  of  the  firmament  of  stars.  Surely  such  a 
remarkable  power  of  the  brain  which  can  combine  in  it^  sensorium 
two  unlike  images  and  give  a  third  different  from  either,  must  appear 
quite.inexplicable,  and  as  being  a  gift  of  nature  which  may  truly  be 
called  a  sixth  sense. 

In  the  telemeter  we  have  a  binocular  telescope  which  measures  the 
distance,  up  to  several  thousand  feet,  of  any  object  that  comes  in  the 
field  of  view.  To  accomplish  this  an  ingenious  application  is  made 
of  the  principle  that  lateral  displacement  in  the  line  joining  the  eyes 
of  an  object  in  one  of  two  stereoscopic  views,  produces  in  the  stereo- 
scopic image  an  apparent  displacement  in  depth  of  the  object  so  dis- 
placed. In  each  of  the  eye-pieces  of  the  binocular  combination  at 
the  plane  where  the  two  images  of  the  landscape  are  formed  are  two 
small  circles  ruled  on  glass.  These  two  circles  appear  as  one  when 
looking  through  the  binocular  glass.  By  means  of  a  micrometer  screw 
adjustment,  the  circle  in  the  right-eye  tube  can  be  slightly  displaced 
in  the  line  joining  the  eye-pieces  of  the  telescope.  As  this  displace- 
ment is  made  the  little  circle  appears  to  move  off  into  space.  Its  posi- 
tion in  space  can  be  perfectly  controlled  by  the  screw.  To  determine, 
then,  the  distance  to  any  object  in  the  landscape,  it  is  only  necessary 
to  look  at  it  through  the  binocular  telescope  and  turn  the  micrometer 
screw  until  the  ring  appears  to  hang  just  over  the  top  of  the  object, 
and  then  read  off  the  distance  in  meters  on  a  scale  attached  to  the 
controlling  screw.  Such .  is  the  Carl  Zeiss  telemeter.  It  is  made  up 
in  various  sizes  and  adapted  to  work  requiring  more  or  less  accuracy. 
In  the  largest  size,  in  which  by  a  simple  optical  device  the  effective 
distance  between  the  eyes  is  increased  to  about  three  meters,  as  much 
as  3000  meters  can  be  determined  to  a  precision  amounting  to  4  per 
cent.,  and  smaller  distances  to  far  greater  accuracy.  The  uses  of  such 
an  instrument  are  ob\dous:  such  as,  finding  the  range  for  guns  in  war 
or  in  hunting  with  a  rifle,  in  rapidly  making  a  quick  and  preliminar>^ 
survey  of  a  rough  country  or  a  coast-lme  as  a  boat  moves  along  it, 
estimating  the  distance  of  objects  over  water,  and  many  other  pur- 
poses of  use  and  pleasure.  Dr.  Czapski  showed  me  a  small  Zeiss  field- 
glass  fitted  with  the  telemeter  attachment,  and  I  could,  with  great 
precision,  ease,  and  rapidity,  determine  the  distance  of  any  object 
witbin  a  distance  of  300  to  500  meters.     I  was  impressed  with  the 
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great  usefulness  which  I  believe  it  would  have  in  the  hands  of  surveyors 
for  all  kinds  of  preliminan'  work.  Objects  of  uncertain  outline,  as  a 
column  of  smoke,  can  be  located  in  reference  to  distance,  in  the  hori- 
zontal or  vertical  direction,  as  well  as  sharply  outlined  objects,  hence 
the  telemeter  should  prove  of  use  in  determining  the  height  of  clouds, 
mists,  etc. 

But  valuable  and  interesting  as  is  the  Zeiss  telemeter,  the  marvel 
of  this  optical  work  is  the  stereocomparator.  This  instrument,  while 
embodying  in  effect  all  the  principles  of  the  telemeter,  is  designe<i 
to  make  sur\'eys  of  photographs  of  a  landscape  in  a  manner  similar 
to  that  which  is  done  with  the  telemeter  on  an  actual  landscape. 

The  instrument,  briefly  described,  is  a  very  large  stereoscope  atlapted 
to  viewing  in  detail  with  considerable  magnification  or  as  a  whole  two 
photographic  positives  13  by  18  centimeters  each.  By  means  of  lenses 
and  mirrors  the  effective  distance  between  the  eyes  is  increased  to  18 
or  more  centimeters.  The  frame  of  the  instrument  has  adjustments 
for  moving  the  two  plates  being  \iewed  together  in  any  direction  in 
a  plane,  and  relatively  in  any  direction  to  each  other.  The  two  eye- 
pieces of  the  instrument  have  at  the  planes  where  the  images  are  formeil 
each  a  small  scratch  on  glass.  When  looking  into  the  instrument  thet^e 
two  scratches,  as  well  as  the  photographs,  combine  stereoscopically. 
and  there  is  seen  a  mark  suspended  in  space  on  the  landscape.  Hy 
adjusting  various  screws,  having  scales  or  indices  attached,  this  mark 
can  be  moved  apparently  over  the  landscape  relief  \'iew  in  the  three 
dimensions  of  space.  Like  a  surveyor's  nxl,  it  can  be  moved  about 
and  placed  at  will  wherever  desired,  the  extent  of  its  movements  being 
accurately  known  by  readings  given  on  indicating  scales.  Hence 
it  becomes  possible  to  make  from  two  carefully  and  properly  taken 
photographs  a  complete  sur\'ey  of  all  the  features  of  a  landscape  which 
are  visible  from  two  nearby  points  of  view.  By  taking  a  number  of 
sets  of  views  from  different  standpoints  the  entire  contour  of  the  land- 
scape can  be  surveyed.  Methods  are  available  for  the  conversion  of 
focal  coordinates,  read  off  on  the  apparatus  into  co-onlinates  of  dimen- 
sion. Thus  drawings  can  be  readily  and  exactly  made  at  home  on 
the  plane  table  without  any  calculations  whatever,  use  beuig  nia<ie 
of  the  stereoscopic  relief  picture  seen  in  the  stereocomparator.  The 
makers  of  this  remarkable  apparatus  do  not  claim  that  the  stereocom- 
parator will  replace  the  usual  methods  of  surveying,  but  that  both 
may  be  used  to  the  greatest  advantage  side  by  side  in  mutual  co- 
of>eration.     Thus  the  special  usefidness  of  the  stereoscopic  method  in 
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surve)dng  may  be  found  for  the  production  of  most  exact  topographical 
plans,  the  construction  of  contours,  profiles,  and  models,  for  the  pro- 
duction of  plans  of  inaccessible  places,  as  chasms,  mountain  heights, 
and  the  like.  The  prospectus  published  in  1903  in  EngUsh  by  Carl 
Zeiss  sunmiarizes  the  numerous  applications  of  this  instrument  and 
methods  to  other  purposes  than  survepng. 

Thus,  in  stellar  astronomy  it  may  be  used  for  the  rapid  detection 
and  study  of  any  small  relative  displacement  of  any  of  the  celestial 
bodies.  In  observations  on  the  sun  the  method  is  useful  for  studying 
the  proper  movements  of  sun  spots  as  distinct  from  their  common 
movement  with  the  rotation  of  the  sun.  In  observ^ations  on  the  moon 
the  power  of  the  stereocomparator  is  made  marvelously  manifest. 
Two  photographs  of  the  moon  being  taken  at  different  intervals  of 
time  give  the  data  for  determining  the  height  of  the  mountains  on  the 
moon  and  the  diameter  of  the  craters  on  its  border  by  means  of  the 
traveling  index. 

The  comparator  finds  also  many  uses  in  metronomy  for  the  rapid 
comparison  of  scales,  spectral  lines,  and  the  like.  It  is  useful  in  meteor- 
o'ogy>  g^logy>  ftJ^d  architecture. 

It  is  regrettable  that  there  is  no  adequate  description  in  English  of 
this  latest  and  most  interesting  development  of  the  Carl  Zeiss  works, 
but  for  those  that  can  read  German  there  will  be  found  a  most  com- 
plete and  satisfactory  discussion  of  the  stereocomparator,  and  the 
methods  of  using  it,  in  a  series  of  articles  by  Dr.  C.  Pulfrich  in  the 
^anstrumentenkunde"  of  1902. 

In  conclusion,  I  wish  to  say  that  the  applications  here  mentioned 
of  our  power  of  stereoscopic  vision  are  only  a  few  of  those  which  are 
possible  and  useful,  and  I  hope  at  some  later  date,  after  completing 
experiments  on  which  I  am  at  times  engaged,  to  present  other  interest- 
ing and — it  is  to  be  hoped — useful  facts  regarding  it. 


DISCUSSION.  -^ 

Walter  Lorino  Webb. — Can  the  ijccuracy  of  the  noy  way 

compare  with  the  accuracy  obtainable,  for  example  HASi  ^^i" 

could  it  ever  replace  stadia  surveying? 

Carl  Herino. — Would  it  not  give  rise  to  considewJ 

graphs  taken  at  the  base-line  were  not  exadly  the?  flsoi 

is,  suppose  a  man  carried  his  camera  from  one  end  gI 

and  during  that  time  the  focal  distance  changed  some^ 

a  very  great  error  in  the  measurements? 
6- 
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Dr.  Northrup. — ^The  accuracy  of  8urve3ring  by  means  of  the  comparator  is 
remarkably  high,  but  the  people  who  manufacture  it  do  not  claim  that  it  is  any- 
thing more  than  an  auxiliary  to  the  other  kind  of  surveying.  It  is  especially 
adapted  to  giving  topographic  lines,  or  rather  the  heights  and  elevations  and 
contour  lines.  The  accuracy,  however,  compares  very  favorably  with  the  other 
kinds  of  siurve3ring  up  to  a  distance  of  two  or  three  thousand  meters  where  you 
have  good  vantage  points,  as  in  the  Tyrolean  Alps.  They  made  a  survey  of  the 
Tyrolean  Alps  with  this  instrument,  taking  their  base-lines  several  meters  apart, 
and  obtained  results  that  compared  very  favorably  with  the  survey  maps  made 
in  the  usual  manner.  The  telemeter,  which  depends  upon  the  same  principle, 
is  claimed  to  measure  up  to  3000  meters  within  an  accuracy  of  4  per  cent. 

The  methods  described  for  taking  the  photographs  I  have  not  read  carefully. 
I  only  read  Dr.  Pulfrich's  conclusions  in  the  matter,  and  he  says  that  the  photo- 
graphs have  to  be  taken  with  great  precision.  A  large  portion  of  his  article  is 
descriptive  of  methods  and  means  of  taking  the  photographs  with  extreme  pre- 
cision, so  that  the  plates  shall  bear  certain  angular  relations  to  the  optical  axis 
of  the  camera,  and  to  the  base-line,  and  other  like  matters.  I  have  no  quanti- 
tative results  that  I  can  quote.  In  fact,  the  instrument  is  so  new  that  I  do  not 
know  how  thoroughly  it  has  been  tested  in  that  regard,  but  I  think  it  is  very 
good,  and  I  have  seen  the  telemeter  myself  and  it  is  astonishingly  accurate  up 
to  small  distances. 
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Paper  No.  1011. 

THE  BACTERIOLOGICAL  TREATMENT  OF  SEWAGE. 

F.   HERBERT  SNOW,   M.  AM.  SOC.  C.  E. 
Bead  May  tO,  1906. 

Historical  Review. 

The  bacteriological  era  in  the  art  of  sewage  purification  dates  from 
about  1882,  when  the  agency  of  micro-organisms  in  reducing  organic 
matter  in  soil  to  mineral  compounds  first  began  to  be  generally  recog- 
nized. 

The  fact  that  sewage  filtration  was  bacterial  in  character  was  not 
known  when  Dr.  Edward  Frankland  undertook  for  the  Rivers'  Pol- 
lution Commission  of  England  the  first  experiments  of  the  kind  to 
determine  the  effect  of  downward  filtration  of  sewage  through  various 
soils. 

These  experiments  extended  over  the  years  of  1868  and  1869.  They 
showed  that  the  action  in  the  filter  was  twofold.  First,  mechanical; 
second,  chemical. 

Also  that  the  first  essential  of  filtration  was  aeration,  to  which  end 
the  operation  must  be  intermittent  to  cause  air  to  foUow  the  sewage 
in  the  filter.  It  was  concluded  that  by  observing  these  requirements 
the  sewage  of  3000  people  could  be  treated  in  one  acre  of  porous  well- 
underdrained  soil. 

This  discovery,  for  such  it  should  be  called,  marked  the  beginning 
of  the  decline  of  existing  sewage  disposal  processes.  It  paved  the 
way  for  the  advent  of  the  bacteriological  era.  For  while  it  was  shown 
that  the  new  idea,  caUed  intermittent  filtration,  differed  not  from  land 
treatment  in  these  respects,  that  in  both  the  suspended  soUds  were 
first  removed  and  the  matter  in  solution  was  next  purified  by  chemical 
action  in  the  pores  of  the  soil  through  absorption  of  atmospheric  oxy- 
gen, yet  intermittent  filtration  did  more,  it  control! t^d»  niodifieil,  and 
intensified  the  natural  land  operation,  thereby  permit  ting  high  r 
and  requiring  less  area. 

The  first  practical  demonstration  of  the  new  idea  was  made  1 
Bailey  Denton  at  Merthyr  Tydvil  in  1870-71. 

It  was  vigorously  combated  by  numerous  stanch  adlic  reiiUs  of  i 
irrigation.    At  that  time  the  general  supposition  was  that  v^^ 
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aided  the  process  of  sewage  purification  on  land  to  a  considerable  ex- 
tent. 

It  had  long  been  known  that  nitrates  are  continuaUy  being  produced 
in  soils.  Also  that  it  is  due  to  a  process  of  oxidation.  Chemists  had 
observed  that  when  ammonia  and  nitrogen  of  organic  bodies  were 
oxidized  in  the  soil,  nitric  acid  was  produced.  In  what  manner  this 
oxidation  occurred,  however,  remained  unknown,  until  early  in  1877, 
when  the  French  chemists,  Schloesing  and  Muntz,  published  some  ex- 
periments conducted  at  the  Paris  Sewage  Farm  proving  that  the  nitri- 
fication in  the  soil  is  due  to  the  action  of  a  living  ferment,  existing  in 
soils  and  impure  waters. 

Robert  Warrington,  an  EngUsh  chemist,  pursued  similar  researches, 
and  in  1882  published  a  paper  on  "Some  practical  aspects  of  recent 
investigations  on  nitrification,"  in  which  he  pertinently  stated:  "If 
we  wish  to  control  the  operations  of  nature,  we  must,  in  the  first  place, 
endeavor  to  imderstand  them.  Until  we  are  acquainted  with  the 
mode  in  which  any  particular  action  takes  place,  and  the  influence 
exerted  by  varying  external  conditions,  we  are  not  in  a  position  to 
govern  the  course  of  the  action,  or  to  employ  it  in  our  service." 

Warrington  declared  that  the  purifying  action  of  soil  is  due  to  three 
actions: 

First,  Simple  separation  of  suspended  matters. 

Second,  Retention  by  soil  of  ammonia  and  oi^ganic  substances  in 
solution. 

Third,  Oxidation  of  both  by  the  agency  of  living  organisms. 

The  first  he  showed  to  be  a  mechanical  process,  tiie  second  a  chem- 
ical action,  and  the  third,  one  depending  on  the  first  two  and  the  bio- 
logical conditions. 

So  from  1882  the  term  oxidation  implied  micro-organic  activity. 
Some  of  the  more  important  facts  brought  out  by  Warrington,  con- 
cisely expressed,  are  as  follows:  A  porous  medium  is  not  necessary, 
nitrification  may  occur  in  a  bottle,  but  porosity  is  favorable  to  rapidity 
of  the  process.  Aeration  is  an  important  fimction  of  speed.  Sewage 
supplies  the  nourishment  for  the  oxidizing  medimn.  These  organisms 
are  present  in  surface  soils  in  proportion  to  presence  of  oi^ganic  matter. 
It  is  possible  to  construct  artificial  beds  of  greater  oxidizing  power  than 
a  soil.    Porosity  and  xmderdrainage  facilitate  oxidation. 

These  facts  shed  a  new  and  great  light  upon  the  whole  sewage  dis- 
posal problem. 

During  the  previous  quarter  of  a  century  the  field  of  investigation 
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had  been  exhausted.  Earth,  air,  fire,  and  water  had  all  been  resorted 
to,  the  resources  of  chemistry  had  been  ransacked,  and  authorities, 
distrustful  of  processes  in  use,  stood  in  the  attitude  of  expectancy 
awaiting  the  advent  of  some  miraculous  invention  or  discovery  to  sup- 
plant prevailing  practices. 

One  English  writer,  in  summing  up  the  situation  just  prior  to  War- 
rington's classic  paper,  said:  "No  chemical  can  efficiently  deal  single- 
handed  with  sewage,  but  must  be  assisted  by  subsequent  natural  fil- 
tration of  the  treated  sewage,  and,  therefore,  no  chemical  process  per 
se  should  be  adopted  for  the  purification  of  town  sewage. 

'*  Where  land  can  be  reasonably  acquired,  irrigation  is  the  best  and 
most  satisfactory  known  system  for  the  disposal  of  sewage.  No  profit 
must  be  expected  from  the  cultivation  of  crops  by  the  sanitary  au- 
thority and  only  a  moderate  one  by  the  farmers.  No  definite  standard 
can  be  laid  down  as  to  the  proportion  population  should  bear  to  acreage. 

"  Intermittent  downward  filtration  may  be  practised,  where  irriga- 
tion cannot  be  reasonably  adopted,  but  the  term  means  no  more  than 
the  production  by  deep  drainage  of  a  state  of  things  frequently  foimd 
in  irrigation.  Intermittent  downward  filtration,  as  expoimded  and 
explained  by  the  Rivers'  Pollution  Conmiission,  has  never  had  and 
never  can  have  any  practical  existence. 

"Towns  situated  upon  the  seacoast,  or  within  the  tidal  range  of 
rivers,  should  avail  themselves  of  the  means  of  outfall  thus  presented, 
as  affording  the  most  economical  and  efficient  means  of  dealing  with 
their  sewage,  careful  regard  being  always  had  to  the  position  of  the 
outfaU." 

In  1884  Mr.  Warrington  made  public  further  important  researches. 
He  said:  "It  is  difficult  to  conceive  how  the  evidence  for  the  ferment 
theory  of  nitrification  could  be  further  strengthened,  for  it  is  appa- 
rently complete  in  every  part.  Although,  however,  nearly  the  whole 
of  this  evidence  has  been  before  the  scientific  public  for  more  than 
seven  years,  the  ferment  theory  of  nitrification  can  hardly  be  said  to 
have  obtained  any  general  acceptance;  it  has  not,  indeed,  been 
seriously  controverted,  but  neither  has  it  been  embraced.'' 

It  was  partly  with  the  view  of  calling  the  attention  of  English  and 
American  chemists  to  the  importance  of  the  question  that  Mr.  War- 
rington was  induced  to  bring  up  the  subject  at  that  time. 

Some  of  the  points  brought  out  in  the  paper  are  as  follows: 

Nitrification  commences  first  in  the  weakest  sewage,  proceeds  ' 
rapidly  in  sunmier,  is  most  rapid  in  darkness;  strong  light  may  ( 
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it  to  cease  altogether,  is  quickest  in  a  thin  layer  of  sewage  owing  to 
greater  supply  of  oxygen. 

The  nitrifying  organisms  are  of  slow  growth.  A  solution  needed  with 
a  very  small  amount  of  them  will  long  delay  nitrification,  but  a  solu- 
tion  receiving  an  abimdant  supply  of  the  ferment  will  exhibit  speedy 
nitrification.  Strong  solutions  may  by  this  means  be  successfully 
nitrified. 

The  speedy  nitrification  in  soil  is  owing  to  the  great  mass  of  nitrify- 
ing organisms  contained  therein,  also  thinness  of  the  liquid  layer  irtiich 
covers  the  soil  particles. 

The  hastening  of  sewage  purification  by  bacterial  inoculation  sug- 
gested by  Warrington  was  reiterated  by  Dr.  Dupr6  in  1886.  Speak- 
ing of  the  remarkable  unanimity  on  the  part  of  observers,  that  the 
dissolved  organic  matters,  when  the  sewage  was  mixed  with  a  certain 
quantity  of  water,  would  rapidly  become  oxidized,  he  said  that  he 
had  "often  thought  that  a  very  good  thing  would  be  to  cultivate  low 
organisms  on  a  large  scale,  and  to  dischai^ge  them  with  the  effluent 
into  the  river,  as  the  power  which  these  low  organisms  had  was  some- 
thing remarkable." 

The  next  public  important  discussion  of  the  subject  was  in  1887, 
in  connection  with  the  disposal  of  the  sewage  of  London.  Mr.  W.  J. 
Dibdin,  chemist  to  the  Metropolitan  Board  of  Works,  was  called 
upon  in  1884  to  devise  some  means  of  purifying  the  River  Thames. 
The  odors  at  that  time  from  the  sewage  pollution  of  the  river  were 
most  offensive,  and  public  sentiment  demanded  their  abatement. 

Early  in  this  experiment  it  was  proved  that  a  sterilizing  agent  such 
as  chloride  of  lime  produced  an  ultimate  effect  the  opposite  of  that 
intended.  The  organisms  of  the  sewage  were  destroyed  and  the  offen- 
sive odor  largely  removed;  but  as  soon  as  the  dilute  action  of  the 
river-water  was  sufficient  to  nullify  the  antiseptic  action  of  the  chloride 
of  lime,  the  putrefactive  organisms  introduced  from  the  river  multi- 
plied enormously,  and  the  whole  mass  of  sewage  underwent  putres- 
cent fermentations,  bringing  about  the  original  foul  condition. 

It  was  foimd,  however,  that  when  permanganate  of  soda  was 
employed  the  oxidation  of  the  sewage  could  be  effected  without 
putrefaction,  because  the  permanganate  prevented  the  increase  of  the 
putrefactive  organisms  while  producing  the  condition  necessary  for  the 
well-being  of  those  through  whose  agency  the  organic  matters  were 
oxidized. 

Thus  sterilization  of  sewage  was  found  to  be  a  mistake  and  the  prin- 
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ciple  of  Warrington  further  enunciated,  that  efforts  should  be  made 
toward  fostering  the  class  of  organisms  by  whose  aid  purification  is 
finally  accomplished. 

In  Mr.  Dibdin's  1887  paper,  he  said:  *'The  lesson  to  be  learned 
from  the  numerous  experiments  published  by  various  authorities,  both 
in  this  country  and  on  the  continent,  is  that  bacteria  and  other  low 
forms  of  organic  life  are  most  potent  in  the  destruction  of  all  objec- 
tionable refuse.  Modem  experiments  show  that,  when  this  subject 
is  better  understood  and  thoroughly  worked  out,  in  all  probability  the 
true  way  of  purifying  sewage,  where  suitable  land  is  unavailable,  will 
be  first  to  separate  the  sludge,  and  then  to  turn  into  the  neutral  efflu- 
ent a  charge  of  the  proper  organisms,  whatever  that  may  be,  specially 
cultivated  for  the  purpose,  retain  it  for  a  sufficient  period,  during 
which  time  it  should  be  fully  aerated,  and  finally  discharge  it  into 
the  stream  in  a  really  purified  condition.  This  is,  indeed,  only  what 
is  aimed  at  and  imperfectly  accomplished  on  a  sewage  farm.  It  is 
true  that  knowledge  on  the  subject  is  not  yet  sufficiently  advanced 
to  put  such  a  system  into  practical  operation,  but  sufficient  is  known 
to  show  that  the  antiseptic  treatment  of  sewage  is  the  very  reverse 
of  nature's  method." 

Mr.  Dibdin,  however,  concluded  that  chemical  precipitation  was 
a  process  suitable  for  the  purpose  in  view  and  would  effect  an  enor- 
mous difference  in  the  character  of  London  sewage,  that  probably  thirty 
years  would  elapse  before  any  change  would  be  required.  Even  then, 
should  it  happen  that  another  chemical  process  far  better  in  character 
should  be  discovered,  not  one  farthing  of  the  money  spent  for  tanks 
and  apparatus  would  be  lost,  for  they  would  be  equally  available. 

So  it  seems  that  in  1887  the  oxidizing  power  of  the  Thames  was 
purposely  brought  into  play  to  complete  the  purification  of  a  chem- 
ically clarified  sewage. 

Mr.  Dibdin^s  views  at  that  time  with  respect  to  filtration  were  pro- 
nounced. He  said:  ''The  alternation,  so  often  proposed,  to  the  pre- 
cipitation process  for  the  collection  of  the  Mlmlge  iu  filtration.  Thm 
system  has  been  advocated  in  so  many  dilTen*nt  *^'^^***  "•^d  even-  (con- 
ceivable material  proposed  for  it,  tlmt  it  wou'  h  task  to 
enumerate  them.  Fortunately  the  DUtaooie  *  *^^m€? 
— rapid  choking  of  the  filters;  frequent  ch  ^0^1^ 
labor;  unmanageable  quantity;  kludge  mb^ed 
etc.  As  regards  the  question  of  sludge^  it  ii 
practical  sanitarians  that  filtration  m  out  ol  f 
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the  further  purification  of  a  clarified  sewage,  filtration  is  without  doubt 
a  rational  process  in  all  respects  save  one,  and  that  is,  expense.  If 
further  purification  is  desirable,  and  suitable  land  can  be  obtained, 
filtration  is  the  form  of  effluent  farming  to  be  commended  beyond  all 
other  proposals.  But  land  must  be  suitable,  and  not  over-doeed  with 
the  liquid  to  be  purified,  otherwise  ultimate  failure  is  a  forgone  con- 
clusion." 

The  adoption  of  the  chemical  precipitation  process  by  the  English 
metropolis,  in  the  face  of  repeated  failures  of  the  method  throughout 
the  kingdom,  coupled  with  Mr.  Dibdin's  adverse  position  toward 
filtration,  put  a  quietus,  for  the  time  being,  on  progress  in  sewage  fil- 
tration in  England. 

So  the  time  was  ripe  for  the  now  world-renowned  classic  researches 
of  the  Massachusetts  State  Board  of  Health. 

These  experiments  were  begun  the  latter  part  of  1887,  and  have 
been  continued  to  date.  The  first  report  was  made  in  1890.  The 
object  sought  was,  to  find  out  the  way  in  which  the  organic  matter 
in  sewage  can  be  completely  oxidized.  Previous  to  these  investiga- 
tions, little  was  definitely  known  of  the  conditions  most  favorable  for 
the  purification  of  sewage,  by  any  given  material.  The  Lawrence 
experiments  were  undertaken  to  learn  what  could  be  particularly  ac- 
complished by  filters  composed  of  various  Massachusetts  soils. 

As  nitrification  takes  the  leading  place  in  the  process  of  purification 
of  sewage,  the  conditions  most  favorable  to  the  action  of  the  nitrify- 
ing organisms  were  regarded  as  essential,  namely,  the  presence  of 
oxygen,  of  organic  matter,  of  moisture,  and  of  some  alkali,  and  a  favor- 
able temperature. 

As  would  be  expected,  the  old  fact  was  demonstrated  again  that 
flowing  sewage  over  porous  sand  strains  out  large  quantities  of  the 
suspended  matters  and  finally  clogs  the  strainer,  and  the  effluent  will 
be  as  impure  as  the  applied  sewage;  but  it  was  further  found  that 
if  only  so  much  sewage  be  applied  as  will  pass  through  the  sand  and 
allow  the  screened  matter  to  dry  up  or  become  oxidized,  the  operation 
may  be  carried  on  indefinitely. 

A  filter  5  feet  deep  of  washed  gravel  stones,  dosed  nine  times  a  day 
with  crude  sewage  at  the  rate  of  126,000  gallons  per  acre  daily,  removed 
98  per  cent,  of  the  ammonias  and  destroyed  99  per  cent,  of  the  bacteria. 

These  results  conclusively  showed  the  essential  character  of  inter- 
mittent ffltration  (so  called)  to  be  bacterial.  It  was  not  a  straining 
process.    Small  quantities  of  sewage  hourly  applied  over  the  whole 
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filter  surface  covered  each  stone  with  thin  films  of  liquid,  exposed  it 
to  contact  with  air  held  in  the  spaces  between  the  stones  within  the 
filter,  and  within  twenty-four  hours — the  time  required  for  the  liquid 
to  reach  the  bottom  from  the  top — the  organic  matter  was  oxidized. 
The  stones  were  as  clear  after  a  year's  use  as  in  the  beginning.  The 
action  was  not  mechanical,  but  chemical  and  bacterial,  by  which  the 
organic  substances  were  reduced  to  mineral  products,  the  effluent  in 
every  respect  comparing  with  water  in  wells  and  for  drinking  purposes. 

With  coarse  sand  filters  it  was  shown  that  60,000  gallons  of  crude 
sewage  may  be  filtered  daily  on  an  acre  removing  97  per  cent,  of  the 
oi^anic  matter,  about  all  the  bacteria,  and  giving  an  effluent  colorless 
and  clear. 

With  fine  sand  it  was  shown  that  25,000  gallons  of  crude  sewage 
per  acre  daily  may  be  ffltered  indefinitely.  Many  people  drank  of  this 
effluent  without  impleasant  effects. 

An  intermittent  sand  fflter  which  removed  99  per  cent,  of  the  ap- 
plied organic  matter  was  later  operated  continuously  like  a  sand-water 
filter.  The  surface  was  covered  with  sewage,  excluding  air  and  filling 
the  spaces  with  liquid.  When  so  operated,  purification  ceased.  The 
essential  difference  between  the  intermittent  and  the  continuous  filter 
was  exclusion  of  air  in  the  latter. 

Instead  of  Dr.  Dupre's  and  Mr.  Dibdin's  forecast  that  the  time 
would  come  when  it  would  be  found  practical  to  cidtivate  a  special 
organism  and  introduce  it  into  the  sewage  coming  true,  the  Massachu- 
setts experiments  proved  Warrington's  position,  that  the  bacteria 
effective  for  the  purpose  are  found  to  be  freely  present  in  the  sewage 
and  merely  require  the  necessary  conditions  to  enable  them  to  accom- 
plish their  work. 

The  publication  of  the  Massachusetts  experiments  was  at  once  fol- 
lowed by  efforts  of  the  London  County  Council  along  similar  lines  to 
obtain  reliable  working  data  on  ffltration,  based  upon  something  more 
than  mere  laboratory  trials. 

Mr.  Dibdin  was  directed  in  March,  1891,  to  conduct  a  series  of  ex- 
periments as  to  the  best  methods  of  ffltering  the  sewage  effluent  of 
the  northern  outfall  precipitation  works  at  Barking. 

Preliminary  tests  during  1892  proved  coke-breeze  to  b     '  st 

suitable  material  for  trial  on  a  large  scale.  This  next  ex 
with  a  one-acre  fflter.  It  began  in  1893  and  was  con 
autumn  of  1895,  when  Mr.  Dibdin  made  his  report. 

Toward  the  end  of  1894  the  chemically  clarified  sewa{ 


300  Snow — Bacteriological  Treatment  of  Sewage. 

on  to  the  acre  filter  at  the  rate  of  1,000,000  gallons  daily.  The  method 
of  operation  was  novel.  The  liquid  was  allowed  to  fill  the  filter  as 
quickly  as  possible  to  just  level  with  the  surface,  then  allowed  to  re- 
main standing  in  the  filter  for  one  hour,  when  it  was  drawn  off  with 
the  least  possible  delay,  'the  filter  so  worked  was  given  a  period  of 
one  day's  rest  each  week. 

The  conclusions  were  that  clarified  sewage  may  be  purified  to  any 
degree,  the  actual  amount  of  purification  depending  upon,  first,  the 
length  of  time  sewage  is  held  in  contact  in  the  filter;  and,  second,  the 
length  of  time  allowed  for  aeration. 

In  no  way  did  these  principles  differ  from  those  enimciated  in  the 
Massachusetts  reports,  but  his  method  of  obtaining  contact — ^by  means 
of  gates  instead  of  frictional  resistance  of  the  filter  material — ^was  new, 
and  later  gave  to  the  structure  the  term  **  contact  beds,"  although 
Mr.  Dibdin  designated  them  **  bacterial  filters." 

From  the  experiments  wdth  clarified  sewage  Mr.  Dibdin  reasoned 
that  if  the  organisms  had  been  able  to  accomplish  so  great  a  destruc- 
tion of  the  fine  suspended  matters  in  the  sewage,  why  should  they 
not  be  equally  potent  for  the  destruction  of  the  larger  particles  in 
crude  sewage,  which  in  the  aggregate  form  what  is  known  as  *' sludge." 
It  was  evident  that  if  these  coarse  matters  were  placed  on  the  fine  bed 
they  would  speedily  accumulate  on  the  surface  and  form  a  deposit 
of  putrefying  matter.  By  making  the  bed  of  coarse  material  the  sludge 
would  be  able  to  penetrate  into  the  filtering  mass,  settle  on  or  be  at- 
tached thereto,  and  there  be  subjected  to  aerobic  bacterial  action. 
These  considerations  led  to  the  construction  of  the  first  coarse  sludge 
bacterial  filter  of  the  Dibdin  type.  It  was  brought  into  use  Novem- 
ber 20,  1896,  at  Sutton,  England.  The  effluent  therefrom  was  treated 
in  a  secondary  bed  of  fine  material. 

When  Mr.  Dibdin  made  this  too  hasty  venture  in  sludge  treatment, 
the  whole  trend  of  thought  generally  was  toward  the  acceleration  of 
bacterial  processes. 

It  was  generally  known  in  respect  to  slow  filtration,  by  those  prac- 
tising the  art  or  following  the  Massachusetts  reports,  that  fresh  sewage 
contained  suspended  organic  matter  of  coarse  character,  that  they 
were  readUy  strained  out,  remained  on  the  surface,  clogged  the  filter, 
retarded  the  flow  of  sewage  into  the  filter,  prevented  proper  aeration, 
and  interfered  with  purification;  while  in  stale  sewage  the  suspended 
organic  matters  were  finely  divided — mechanically,  chemically,  and 
bacterially — so  that  less  surface  clogging  would  occur,  the  larger  per- 
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centage  of  the  solids  passing  into  the  filter,  where  they  were  changed 
into  inorganic  form  and  passed  away  in  the  effluent  or  into  the  air  as 
nitrogen  or  carbonic  gas.  Further,  that  clogging  was  always  in  pro- 
portion to  the  sludge;  that  the  amount  of  sludge  in  sewage  varies; 
that  any  sewage  will  in  time  clog  a  filter  unless  great  care  is  used; 
that  a  greater  percentage  of  sludge  is  stored  at  a  high  rate  than  a  low 
rate;  that  the  same  quantity  stored  causes  more  trouble  at  a  high 
rate;  that  a  clogged  sand  filter  will  slowly  oxidize  when  rested,  and 
that  permanency  is  independent  of  size  and  material,  but  depends  on 
the  treatment. 

It  was  generally  known,  in  respect  to  rapid  filtration  by  sand  of 
sewage  from  which  the  sludge  had  been  removed,  that  a  rate  of  from 
160,000  to  240,000  gallons  per  acre  daily  of  settled  sewage,  from  200,- 
000  to  360,000  gallons  per  acre  daily  of  chemically  subsided  sewage, 
that  300,000  gallons  per  acre  daily  of  coke-strained  sewage,  and  that 
650,000  gallons  per  acre  daily  through  sand  and  700,000  gallons  per 
acre  daily  through  coke — of  sewage  first  treated  by  rapid  filtration 
through  coarse  gravel  aided  by  a  current  of  air  drawn  downward — 
could  be  indefinitely  maintained. 

It  will  be  noticed  that  the  indispensable  element  of  all  these  ac- 
celerated processes  was  the  preliminary  removal  of  the  sludge. 

Mr.  Dibdin's  departure  from  this  principle  was  radical.  It  caused 
a  conmiotion. 

Even  in  the  Massachusetts  rapid  and  forced  aeration  filters  not  all 
the  organic  matter  was  destroyed.  Some  remained  in  the  filters  and 
some  came  off  in  the  effluent  and  went  onto  the  surface  of  the  fine  or 
secondary  bed,  limiting  it  to  an  extent. 

While  the  Sutton  aerobic  bacterial  sludge  bed  overshot  the  mark, 
accumulated  organic  matter,  and  had  to  be  subsequently  overhauled, 
it  did  extend  the  bacterial  disposal  of  sludge  in  a  filter  far  beyond 
what  had  hitherto  been  suspected  possible. 

It  is  to  Mr.  Dibdin's  everlasting  honor  that  he  did  not  aspire  to  the 
position  of  a  proprietary  owner,  but  gave  to  the  world  at  large  the 
results  of  his  researches  and  inventions. 

That  the  names  of  Frankland,  Warrington,  and  Dibdin  will  always 
be  associated  in  history  with  the  progressive  steps  in  the  bacterial 
purification  of  sewage  is  an  assured  fact. 

We  now  come  to  a  consideration  of  that  period  v  in- 

teresting of  all — the  present;  the  one  in  which  the  i  > 

fying  organisms  do  not  command  all  the  attention.  j 
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time  anaerobic  bacteria  had  been  intentionally  and  successfully  util- 
ized in  the  disposal  of  sewage  sludge  on  a  practical  scale  in  several 
countries.  English  authorities,  however,  had  not  taken  up  with  the 
method,  presumably  because  they  were  wedded  to  the  deodorizing 
and  oxidizing  processes,  requiring  the  sewage  to  be  in  as  fresh  a  con- 
dition as  possible. 

In  1869  Dr.  Alexander  Miiller  of  Berlin  made  some  experiments  on 
''the  self-purification  of  sewage,"  which  were  published  in  1873  in 
"  Landwirthschaf tliche  Versuchstationer,"  voliune  xvi,  and  on  page 
263  of  this  publication  Miiller  remarked  as  follows: 

"The  contents  of  sewage  are  chiefly  of  organic  origin,  and  in  con- 
sequence of  this  an  active  process  of  decomposition  takes  place  through 
which  the  organic  matters  are  gradually  dissolved  to  mineral  matters. 
To  the  superficial  observer  this  process  appears  to  be  a  chemical  self- 
reduction;  in  reality,  however,  it  is  chiefly  a  process  of  digestion,  in 
which  the  various  animal  and  vegetable  organisms  utilize  the  organ- 
ically fixed  power  for  their  life  purposes." 

In  1878  he  took  out  a  German  patent  for  a  process  of  "disinfection, 
purification,  and  utilization  of  liquid  sewage  by  the  rational  cultiva- 
tion of  fermenting  organisms." 

Mentioning  the  difficulties  of  sewage  treatment,  the  specification 
goes  on  to  state:  "The  attempt  at  removing  the  nuisance  by  dilution 
on  a  large  scale,  or  obviating  putrefaction  by  means  of  antiseptics, 
or,  again,  precipitating  the  noxious  substances  by  means  of  chemicals, 
or  absorbing  them  by  both  filtration  or  oxidizing  them  direct,  by  atmos- 
pheric oxygen  over  a  large  contact  area,  have  proved  futile. 

"Observations  and  investigations  continued  for  many  years  have 
led  inquirers  to  the  conclusion  that  on  purely  mechanical  or  chemical 
lines  the  object  aimed  at  was  not  attainable."  "Now  whereas  the 
former  disinfecting  methods  had  for  their  essential  object  to  obviate 
as  far  as  practicable  any  phenomena  of  putrefaction,  the  process  herein 
described,  on  the  contrary,  aims  at  the  methodical  cultivation  of  those 
small  *level-like'  organisms  to  the  viability  of  which  modem  science 
has  traced  the  so-called  'self-unmixing'  processes,  namely,  acidifica- 
tion, fermentation,  putrefaction,  decay  or  the  like,  with  a  view  to 
bringing  them  into  requisition  in  the  task  of  precipitating  out  the 
liquid  waste-substances  or  bringing  about  their  complete  mineraliza- 
tion. 

M.  Louis  Mouras's  "automatic  scavenger"  was  patented  in  France 
in  1882.    It  was  fully  described  in  publications  of  the  times.    It  had 
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for  its  object  the  solution  of  tKe  cesspool  problem  of  Paris.  Up  to 
that  time  all  public  measures  had  failed.  His  invention  had  been 
used  in  his  own  house  for  twenty  years  with  success.  It  comprised 
a  tank  hermetically  sealed,  with  submerged  inflow  and  outflow  pipes, 
working  on  the  continuous  principle,  receiving  house  sewage  and  ac- 
complishing the  liquefaction  of  the  solids  through  putrid  fermentation. 
It  was  thought  possible  that  the  unseen  agents  might  be  those  vibrions 
or  anaerobies  which,  according  to  Pasteur,  are  destroyed  by  oxygen 
and  only  manifest  their  activity  in  vessels  from  which  the  air  is  ex- 
cluded. Daily  observations  conducted  with  a  glass  showed  that  fecal 
matters  introduced  on  the  tenth  of  August  were  entirely  dissolved  on 
the  sixteenth  of  September.  Even  kitchen  refuse,  onion  peelings,  etc., 
which  at  first  floated  on  the  surface,  descended  after  a  time  to  the 
bottom  of  the  vessel  to  await  decomposition.  Everything  capable  of 
being  dissolved  acted  in  a  similar  way,  and  even  paper  wholly  disap- 
peared. Subsequently  the  process  was  applied  on  a  practical  scale 
in  France  and  Italy. 

Mr.  W.  D.  Scott-Moncreiff,  C.  E.,  of  Ashtead,  Surrey,  England,  ap- 
parently stumbled  upon  the  liquefaction  process  in  1891.  He  installed 
a  simple  upward  filter  plant  at  his  coimtry  home. 

He  did  not  anticipate  the  results  which  followed.  Instead  of  a 
mechanical  action,  he  discovered  that  the  apparatus  provided  a  favora- 
ble condition  for  the  development  of  organisms  which  changed  the 
organic  matter  into  a  clear,  inoffensive  effluent.  Straightway  he  im- 
proved the  apparatus,  termed  it  a  "cultivating  filter,"  and  exploited 
the  discovery  of  continuous  purification  of  sewage  by  bacteriological 
action  through  aerobic  liquefaction. 

In  the  autiunn  of  1892,  through  the  assistance  of  Dr.  Sims  Wood- 
head,  he  secured  the  services  of  Dr.  Houston,  and  together  they  set 
to  work  to  find  out  what  was  going  on.  A  laboratory  was  established 
at  Ashtead  and  the  various  bacteria  were  identified.  In  1894  Mr. 
Scott-Moncreiff  was  enabled  to  positively  name  certain  liquefying 
organisms,  whose  cultivation  it  is  the  object  of  his  invention  to  ac- 
complish. At  that  time  the  system  was  at  work  at  various  coimtry 
houses  in  England. 

The  absolute  destruction  of  all  organic  sludge  was  claimed  for  the 
process. 

Next  upon  the  scene  appeared  the  **  Exeter  septic  tank."    V^  ^ — 
aid  Cameron's  pretensions  to  proprietorship  in  the  anaerob 
ing  process  is  a  most  conspicuous  illustration  of  the  p 
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humanity  to    appropriate    a  desirable   thing  found   lying   around 
loose. 

The  pat  application  of  the  tenn  "septic"  to  a  very  old  principle, 
in  contradistinction  to  the  term  ''antiseptic"  applied  to  many  pre- 
vailing English  processes;  publicly  paraded  as  an  absolute  solution  of 
the  sludge  problem  just  at  the  time  when  an  open  door  to  perfect  bac- 
terial purification  was  earnestly  anticipated,  vouchsafed  a  welcome  to 
Cameron's  tank  at  first  limited  only  by  the  boimds  of  human  credulity. 

An  experiment  was  begun  on  a  small  scale  at  Exeter,  England,  on 
April  5,  1895.  On  November  8th  he  applied  for  protection  for  his 
invention,  whose  object  was  stated  to  be  "to  deal  with  crude  sewage 
bacteriologically  and  bring  it  into  such  a  condition  of  solution  and 
liquefaction  that  it  can  be  treated  by  filtration."  It  was  claimed  by 
the  inventor  that  the  solid  portions  of  crude  sewage  were  entirely 
thrown  into  solution. 

The  first  tank  was  small,  12  by  15  feet  by  2\  feet  deep,  dealing  with 
the  sewage  of  about  thirty  houses.  No  filters  were  attached  to  it. 
Little  sediment  occurred  on  the  bottom,  but  thick  scum  formed  on 
the  surface  of  the  water. 

The  next  tank  was  about  double  the  capacity  of  the  first  one.  It 
was  started  in  January,  1896,  to  show  the  CJorporation  what  could  be 
done  by  this  system  of  disposal.  Two  coke-breeze  filters  were  at- 
tached and  operated  at  a  rate  of  about  1,000,000  gallons  per  acre 
daily.  As  the  result  of  the  working  of  this  installation,  the  Council 
decided  to  construct  larger  works  to  show  to  the  Local  Government 
Board  the  system  on  a  practical  scale.  These  were  brought  into  use 
July  21,  1896.  Dibdin  contact  beds  were  attached  and  operated  by 
automatic  apparatus  invented  by  Mr.  Cameron. 

A  second  British  patent  for  the  perfected  system  and  apparatus  was 
applied  for  in  October,  1896. 

The  earlier  Massachusetts  experiments  were  not  directed  toward 
putrefaction  processes,  but  toward  nitrifying  ones.  It  was  sufficient 
at  first  to  conclusively  prove  that  oxidizing  or  aerobic  agencies  were 
ample  to  completely  break  up  and  mineralize  organic  matter,  sludge 
and  all.  In  the  1893  report  the  first  distinction  between  fresh  and 
other  sewage  was  made  by  calling  attention  to  the  presence  of  dis- 
solved oxygen  in  the  former  and  its  absence  in  the  latter.  It  was  also 
observed  that  fresh  sewage  was  harder  to  purify,  because  it  contained 
a  larger  proportion  of  organic  matter  in  suspension.  The  bacterial 
process  following  this  initial  step  in  sewage  purification  was  shown 
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to  be  evidenced  in  the  arrangement  of  the  free  ammonia,  organic 
nitrogen,  and  by  the  loss  of  carbonaceous  matter.  In  other  words, 
in  stale  sewage — one  containing  no  free  oxygen  and  in  which  the 
facultative  anaerobes  do  the  work  generally  called  putrefaction — ^there 
is  a  loss  of  crude  organic  matter  by  the  reduction  of  carbonaceous 
bodies  and  the  changing  of  organic  ammonia  to  free  ammonia. 

The  fact  that  the  percentage  of  suspended  organic  matter  present 
in  sewage  decreases  with  the  increase  of  age  of  the  sewage,  and  that 
stale  sewage  is  more  easily  disposed  of  upon  sand  filters  than  fresh 
sewage,  was  repeatedly  stated  in  the  four  annual  reports  of  the  Board 
prior  to  its  first  use  in  1898  of  the  term," septic.'' 

In  relation  to  the  putrefactive  principle,  the  adoption  of  the  term 
** septic"  became  necessary  owing  to  the  general  use  of  it  since  the 
publication  of  the  Exeter  experiments. 

In  so  far  as  Cameron's  apparatus  is  novel,  he  is  entitled  to  the  bene- 
fits of  the  invention,  but  that  he  rightfully  owns  the  exclusive  use  of 
the  liquefying  process,  anticipated  as  it  was  both  in  recent  and  former 
years,  is  most  earnestly  disputed. 

At  any  rate  the  year  1898  was  characterized  by  great  advancement 
in  the  knowledge  of  the  particular  part  aerobic  and  anaerobic  agen- 
cies independently  play  in  the  work  of  purification.  All  eyes  turned 
to  England  and  the  Massachusetts  work  was  temporarily  forgotten. 

Both  Scott-Moncrieff  and  Cameron  had  differentiated  between  the 
preliminary  or  hydrolytic  change  and  the  final  one  of  oxidation  or 
nitrification. 

Bacteriologists  at  once  set  to  work  to  supply  the  deficiency  in  the 
knowledge  of  the  bacterial  chemistry  of  these  processes.  To  compre- 
hend the  subject,  as  it  stands  today,  one  must  know  about  the  posi- 
tion taken  by  different  authorities  at  that  time. 

It  became  evident  that  the  septic  tank,  by  means  of  its  bacterial 
enzymes  or  spontaneous  chemical  decomposition,  materially  altered 
the  composition  of  the  raw  sewage.  The  increase  of  the  total  solids 
pointed  to  a  solvent  action  of  the  water  on  the  matter  in  suspension, 
due  to  a  digestive  or  purely  physical  process;  but  the  marked  disap- 
pearance of  organic  matter  and  transference  of  organic  nitrogen  to 
free  ammonia  was  due  to  bacterial  influences. 

Dr.  Rideal  concluded  that  the  bacterial  transformation  of  sewage 
occurs  in  more  or  less  distinct  stages,  which  he  enumerated  as  ths 
** initial  stage,"  or  the  transient  aerobic  one,  the  "second  ' 
semi-anaerobic  breaking-down  of  the  intermediate  dissol 
and  the  "third  stage,"  or  complete  aeration  and  nitrificj 
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In  advocating  anaerobic  treatment  as  a  final  process  he  was  not 
prepared  to  call  the  destruction  or  dissolving  of  organic  matter  in 
Dibdin's  coarse  bacterial  filter  aerobic.  The  action  must  be  anaerobic 
under  aerobic  conditions,  since  it  is  hydrol3rtic.  In  the  contact  filter 
there  are  the  opposing  aerobic  and  anaerobic  actions.  The  "resting 
full"  period  diminished  the  aerobes  and  the  "resting  empty"  period 
diminished  the  anaerobes.  This  oscillation,  in  his  opinion,  tended 
toward  defeating  the  very  object  of  the  filter.  A  preferable  system 
is  one  in  which  anaerobic  work  is  done  separately,  under  imiform  ccmi- 
ditions,  and  the  same  respecting  the  aerobes. 

Therefore,  in  constructing  sewage  disposal  apparatus  according  to 
his  views,  it  should  consist  of  two  parts,  one  for  the  preliminary  anae- 
robic action  and  the  other  for  the  subsequent  aerobic  action. 

Doctor  Adeney,  however,  took  the  position  that  the  supporters  of 
anaerobic  fermentation  were  working  imder  pure  hypothesis  and  that 
results  could  be  explained  in  another  way.  Organic  matter  under- 
went two  successive  organic  and  distinctly  different  stages  of  chemical 
change,  a  fact  of  practical  value,  because  the  second  stage  of  fermen- 
tation presented  little  danger  to  river-water,  while  the  first  stage  in 
the  absence  of  sufficient  oxygen  invariably  sets  up  putrefaction.  He 
foimd  that  aerobic  fermentation  will  take  place  in  sewage  to  the  ex- 
clusion of  anaerobic,  so  long  as  the  supply  of  oxygen  is  present,  and, 
further,  that  the  condition  under  which  bacteria  effect  chemical  changes 
most  rapidly  is  that  in  which  oxygen  is  supplied  to  them  in  the  atmos- 
pheric form,  in  which  form  the  fermentations  are  imobjectionable  to 
the  senses. 

Professor  Ward  profoimdly  sununed  it  all  up  as  a  process  of  change 
brought  about  only  by  a  living  fermentation.  If,  however,  at  the 
same  time  there  are  produced  evil-smelling  gases,  then  fermentation 
is  often  called  putrefaction.  But  attempts  to  separate,  artificially, 
putrefaction  from  fermentation  and  restrict  the  former  to  the  break- 
ing-down of  matter,  and  to  distinguish  between  putrefaction  which 
gives  off  no  evil  odors  and  putrefaction  which  does  give  off  evil  odors, 
is  fallacious. 

No  such  lines  can  be  drawn.  Putrefaction  is  merely  a  particular 
case  of  fermentation,  and  the  most  comprehensive  definition  of  fer- 
mentation is  "change  produced  in  various  bodies  by  the  action  of 
living  organisms." 

Many  bacteria  are  aerobic  and  many  others  are  anaerobic,  and 
there  is  a  point  somewhere  between  these  extremes,  which  is  now  gen- 
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erally  called  the  optimum,  where  the  actions  are  going  on  at  their 
best,  and,  of  course,  the  thing  to  do  is  to  find  out  their  optimum  con- 
ditions. In  addition  to  these  are  the  extraordinary  physiological  class 
of  bacteria  called  facultative  anaerobes,  which  can  be  either  anaerobic 
or  aerobic,  according  to  circumstances.  It  is  possible  for  anaerobic 
fermentation  to  go  on  near  the  oxygen-supply,  as  at  the  surface  of 
liquid,  provided  some  other  organism  protects  the  anaerobe  from 
the  oxygen.  That  is  to  say,  the  physiological  action  is  going  on  in  a 
dijfferent  direction  from  the  direction  in  which  either  of  these  alone 
would  carry  it.  So  that  symbiosis,  as  it  is  called,  comes  to  mean  the 
action  together  of  two  living  organisms,  where  the  action  of  each  does 
not  hinder,  and  in  most  cases  helps,  the  other.  This  explains  the  dis- 
appearance of  so  much  crude  sludge  in  Dibdin's  coarse  contact  filter 
acting  imder  aerobic  conditions. 

Considering  the  complex  fermentations  existing  in  a  mixture  like 
sewage,  symbiosis  must  be  going  on  at  various  points,  according  to 
whether  the  sewage  is  in  motion  or  quiet,  or  deep  or  shallow,  and  so 
forth.  So  the  attempt  to  uphold  putrefaction  as  a  particular  process, 
in  which  evil-smelling  gases  come  off,  brought  about  by  anaerobic  or- 
ganisms, must  fail.  Either  kind  of  fermentation  may  produce  putre- 
factive gases. 

Professor  Ward  concluded  that  it  was  not  necessary  to  provide  for 
the  destruction  of  sewage  in  special  anaerobic  compartments.  The 
anaerobic  process  is  not  the  normal  one  in  the  events  of  nature.  The 
nitrate  is  the  desired  goal  of  the  change,  and  the  antecedent  phase  to 
the  nitrate  is  always  an  ammonia  phase.  The  reduction  to  ammonia 
is  accomplished  by  a  large  variety  of  organisms,  some  working  in  an 
aerobic  and  others  in  an  anaerobic  way.  It  is  not  necessary,  there- 
fore, that  the  process  should  be  one  of  exclusive  anaerobic  condition. 
The  aerobic  organisms  will  bring  all  but  the  cellulose  bodies  to  the 
ammonia  condition  most  rapidly. 

The  next  important  device  to  be  exploited  was  the  Whittaker  type 
of  continuous  sprinkling  filter.  In  striving  to  obtain  uniform  distri- 
bution of  sewage  Mr.  Whittaker  adopt-ed  parallel  trouglia,  but  they 
did  not  work  well,  so  he  Kubstitiited  the  sprinkling  arrangetnent,  and 
the  results  were  at  once  satisfactory. 

A  siunmary  of  what  is  now  known  about  bactef  of 

sewage  by  the  processes  hereinbefore  mentioned  xb0^  d 

as  follows: 
First,  A  limited  period  of  anaembic  action  is 


edi33^ 
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It  may  occur  in  the  filter  or  in  a  septic  tank. 

It  prepares  organic  matter  for  the  oxidizing  bacteria. 

Causes  the  laige  particles  of  suspended  matter  to  break  up. 

Dissolves  a  part  of  them  or  liberates  in  gaseous  forms. 

Remainder  finely  divided. 

Can  be  purified  at  higher  rates  than  fresh  sewage. 
Second,  Too  advanced  stage  of  anaerobic  action  a  disadvantage. 

Such  effluent  absorbs  oxygen  before  nitrification  can  take  {dace. 

Toxic  bodies  therein  kill  nitrifjring  organisms. 
Third,  Septic  tank  accumulates  sludge. 

Requires  to  be  emptied. 
Fourth,  Anaerobic  filters  are  successful. 

Give  better  results  than  septic  tanks. 

Furnish  greater  surface  for  bacterial  growth. 

More  difficult  to  keep  in  working  order. 
Fifth,  Continuous  filters  can  be  operated  at  highest  rates. 

Require  preliminary  treatment  of  sewage. 

Air  and  sewage  in  continuous  contact  throughout  entire  depth. 

Free  oxygen  present  in  open  space  all  the  time. 

No  accumulation  of  carbonic  acid  or  marsh-gas  in  filter. 

Gives  best  rapid  filtration  results. 
Sixth,  Contact  filtration  supports  both  anaerobic  and  aerobic  fermen- 
tation. 

This  cycle  is  advantageous. 

It  lessens  clogging  and  promotes  more  rapid  purification. 

When  drained,  oxidation  of  intercepted  matter  proceeds  until 
oxygen  is  all  used  up. 

The  resulting  products — carbonic  acid,  marsh  and  nitrogen  gas 
— ^fill  the  open  spaces. 

Marked  anaerobic  action  begins  at  this  point  and  continues 
until  bed  is  filled  and  drained  again. 

The  filter  material  must  be  coarse  enough  to  pass  suspended 
matter  or  it  will  accumulate  and  require  physical  removal. 

Clogging  should  be  minimized  by  preliminary  sludge  removal. 

The  methods,  in  order  of  preference,  are  septic,  settling,  and 
straining  tanks. 

Mineral  matter  must  pass  away  in  effluent  to  insure  filter  perm- 
anency. 

The  fflter  should  be  filled  with  sewage  once  daily  only. 

Successive  applications,  instead  of  steady  flow,  best  way  of  fill- 
ing. 


Suou' — BarUrMfipuui]  Trf^fftrnma  nj  Spu^f^. 
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Plain  Subsidence  and  Sand  Filtration  at  Brockton,  Massachu- 
setts. 

The  early  experiments  of  the  Massachusetts  State  Board  of  Health 
are  well  illustrated  on  a  practical  scale  at  the  Brockton  Disposal  Works. 
This  plant  was  designed  in  1891-92  and  put  in  commission  in  1894. 
The  sewage  is  settled  by  plain  subsidence  and  filtered  through  sand. 
The  population  of  Brockton  is  about  45,000.  The  per  capita  consump- 
tion of  water  varies,  but  averages  about  thirty  gallons.  The  sewage, 
therefore,  is  concentrated.    In  fact,  it  is  the  strongest  in  the  State. 

A  covered  reservoir  of  500,000  gallons  capacity  stores  the  sewage 
of  the  latter  part  of  each  day  and  the  entire  nightr-flow.  Every  morn- 
ing the  content  is  pumped  three  miles  to  the  disposal  area. 

An  agitator  rests  on  the  bottom  of  the  reservoir,  by  means  of  which 
the  solid  matters  collected  on  the  bottom  may  be  stirred  up.  The 
agitator  is  put  in  operation  just  before  the  reservoir  is  emptied,  and 
the  entire  body  of  the  sludge  is  then  mixed  with  this  small  amount 
of  sewage.  After  the  reservoir  is  emptied  the  piunps  are  stopped,  and 
this  doubly  concentrated  sewage  remains  in  the  lower  end  of  the  force 
main  imtil  pumping  is  resumed  the  next  morning.  It  is  then  dis- 
charged at  the  filter  beds.    Special  filters  are  allotted  for  the  sludge. 

The  reservoir  sewage  and  that  stored  in  the  force  main  are  con- 
siderably decomposed. 

After  the  heavy  sewage  is  filtered  there  remains  upon  the  surface 
of  the  beds  a  thin  layer  of  solid  matter,  which  readily  dries  out  and  is 
raked  up  and  removed  for  burning  or  other  disposal. 

The  filters  are  an  acre  in  area  each  and  there  are  twenty-two  of  them. 
They  are  underdrained,  provided  with  surface  sluice  distributors  of 
novel  design,  and  are  dosed  daily  at  the  rate  of  80,000  gallons  applied 
in  about  twenty  minutes.  The  gates  controlling  the  operation  of  each 
bed  have  to  be  manipulated  by  hand. 

Crops  are  raised  on  some  of  the  beds.  This  was  tried  for  experi- 
mental purposes.    It  has  now  been  abandoned. 

'*  The  beds  are  prepared  for  winter  use  by  plowing,  the  surface  being 
ridged  and  furrowed.  Those  receiving  the  supernatant  liquid  require 
very  little  attention.  They  are  raked  once  each  year  only.  Shidge 
beds  are  raked  about  once  every  month  and  the  sludge  is  removed 
three  times  yearly.  The  cost  of  doing  this  for  1904  was  thirty  cents 
per  ton  of  dry  sludge  handled,  the  total  for  the  year  1904  being  $914.05. 

A  chemist  is  in  charge  of  the  laboratory  at  the  beds,  and  a  very 
complete  record  of  the  work  done  there  is  kept. 
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For  1904  the  cost  of  pumping  the  sewage  was  $3812.  The  cost  of 
labor  at  the  beds  was  $4412.71  and  the  part  of  the  City  Chemist's  sal- 
ary chargeable  to  the  Disposal  Works  was  $840.  The  total  cost  of 
operation  on  this  basis  per  capita,  per  annum,  is  twenty-one  cents. 
The  total  first  cost  of  the  works — f .  c,  the  reservoir,  pumping  station, 
force  main,  and  disposal  area,  including  engineering  and  inspection — 
was  $209,771,  or  about  $4.66  per  capita. 

The  purification  of  the  sewage  is  very  complete  and  the  system  is 
accomplishing  all  that  was  anticipated  for  it. 


Septic  Subsidence  and  Automatic  Regulated  Sand  Filtration 
AT  Saratoga  Springs,  New  York. 

The  largest  American  installation  of  sand  filters  receiving  septic 
tank  effluent,  automatically  distributed,  is  at  Saratoga  Springs,  N.  Y. 
This  plant  was  an  outgrowth  of  the  Brockton  system.  Its  study  was 
begim  in  1899  and  its  practical  consummation  was  a  pronoimced  ad- 
vancement in  the  art. 

The  sewage  is  raised  continuously  by  automatically  regulated  centri- 
fugal pumps,  three  in  number,  each  driven  by  a  directly  connected, 
vertical,  six-pole,  twenty  H.  P.  induction  motor,  using  a  three-phase 
current  of  fifty  cycles  frequency.  Since  the  power  is  obtained  from 
the  Hudson  River  Power  Company,  and  the  automatic  starting  and 
stopping  apparatus  is  entirely  satisfactory  in  its  operation,  no  con- 
stant attention  is  required  at  the  station. 

The  septic  tanks  effectively  dissolve  the  suspended  solids,  thereby 
serving,  as  designed,  to  keep  the  beds  clean  and  to  keep  the  cost  of 
their  maintenance  down  to  the  minimum. 

The  automatic  dosing  tank  and  apparatus  is  of  novel  design.  It 
is  simple  and  positive  in  its  operation  and  makes  possible  the  appli- 
cation of  the  sewage  regularly  during  the  day  and  night  in  doses  of 
the  desired  amount  with  no  attendance  other  than  occasional  oiUng. 

The  works  have  been  in  operation  since  July,  1903.  The  summer 
population  of  the  resort  is  50,000.  The  volume  of  sewage  treated 
varies  from  1,250,000  gallons  in  winter  to  2,500,000  gallons  daily  dur- 
ing the  height  of  the  season. 

The  pumping  station  is  on  the  outskirts  of  thf  \e  septic 

tanks,  four  in  number,  each  51  by  91  by  8  feet,  iving  a 

total  capacity  of  1,000,000  gallons,  are  locater  1  area 

8835  feet  distant  from  the  station. 
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The  filter  beds  are  twenty  in  number,  eighteen  of  which  are  each 
one  acre  in  area.  Suitable  sand  was  found  in  natural  position.  The 
filters  are  similarly  arranged,  with  respect  to  surface  distribution,  win- 
ter furrowing,  and  underdrainage,  to  the  Brockton  filters.  They  have 
purified  effluent  sewage  at  the  rate  of  150,000  gallons  per  acre  daily. 

The  septic  tanks  have  required  no  attention;  they  have  not  been 
emptied. 

The  accumulations  therein  are  no  more  now  than  a  few  wedcs  after 
starting.  They  occupy  about  25  per  cent,  of  the  tank  capacity.  About 
65  per  cent,  of  the  suspended  solids  have  been  removed  by  the  process, 
and  the  remainder  passing  out  of  the  tank  is  so  finely  comminuted 
and  decomposed  as  to  nullify  its  capacity  for  forming  deposits  on  the 
filters. 

No  surface  raking  of  the  filter  surface  is  necessary.  Tlie  cost  of 
surface  management,  including  preparation  for  summer  and  winter 
work,  is  $560  per  annum;  the  weeding  and  trimming  of  embankments, 
etc.,  $1120;  the  purchase  of  power  for  pumping,  $720;  attendant  and 
removal  of  screenings  at  station,  $600.  For  1904  the  cost  of  pump- 
ing the  sewage  was  $1320,  the  cost  of  maintaining  the  disposal  area 
was  $1680.  The  cost  of  operating  the  whole  plant  for  one  year,  on 
the  basis  of  40,000  people,  was,  therefore,  seven  and  one-half  cents 
per  capita.  The  first  cost  of  the  works  was  $100,000,  or  $2.50  per 
capita. 


Automatic  Septic  Tank  and  Contact  Filtration  at  Mansfield, 

Ohio. 

The  next  American  plant  of  a  distinct  type  and  embodying  novd 
arrangements  was  built  at  Mansfield,  Ohio.  It  was  designed  in  1899, 
being  an  adaptation  of  the  essential  elements  of  the  Saratoga  design 
to  the  Mansfield  requirements. 

Natural  sand  deposits  were  not  available,  chemical  precipitation 
was  prohibitive  in  cost,  so  contact  filtration  was  adopted.  Prelim- 
inary treatment  of  the  sewage  in  a  closed  septic  tank  was  thought 
necessary. 

The  city  has  upward  of  20,000  population,  12,000  of  which  contri- 
bute to  the  sewers.  The  system  takes  storm-water,  but  the  dry 
weather  flow  in  the  sewers  is  about  1,000,000  gallons  daily.  This 
much  sewage  is  always  passed  through  an  intercepting  chamber  which 
diverts  surplus  storm-water  to  the  river.    The  dry  weather  sewage 
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is  conducted  by  gravity  to  the  septic  tanks  and  part  of  it  is  pumped. 
The  novel  feature  of  the  design  of  the  septic  tank  is  that  the  discharge 
therefrom  is  controlled  by  an  automatic  device,  operated  by  floats 
which  keep  the  said  discharge  constant;  although  the  flow  into  the 
tanks  varies  from  hour  to  hour.  This  necessitates  a  daily  variation 
in  the  elevation  of  the  surface  of  the  sewage  in  the  tank,  but  it  had 
been  previously  ascertained  at  Brockton  that  this  did  not  prevent 
the  formation  of  surface  scum  or  interfere  with  septic  action. 

It  is  obvious  tiiat  regularity  in  food-  and  air-supply  to  a  bacterial 
filter  should  be  conducive  to  greatest  bacterial  activity.  Depen- 
dence on  manual  manipulation  of  appliances  to  accomplish  this  regular- 
ity has  its  serious  objections.  In  resorting  to  apparatus  to  accom- 
plish the  same  thing  automatically,  one  great  difficulty  is  that  the 
apparatus  cannot  depend  for  its  regularity  of  action  upon  the  rate 
of  flow  of  sewage,  because  this  flow  fluctuates.  Hence,  some  storage 
and  equalizing  are  necessary. 

The  other  difficulty  with  automatic  gear,  depending  on  sewage  flow, 
is  that  the  cycle  of  one  bed  is  dependent  on  the  conditions  as  to  capac- 
ity, character  of  surface,  etc.,  of  another  bed,  which  will  vary  accord- 
ing to  circumstances.  But  this  difficulty  is  not  so  important,  because 
the  said  conditions  are  inherent  in  the  filter  and  conunon  to  any  kind 
of  system  of  distribution  of  sewage  and  collection  of  effluent. 

The  contact  filters  are  five  in  number,  each  of  which  has  an  area 
of  one-fourth  acre  and  contains  about  five  feet  of  cinders — one-eighth 
to  one-half  inch  average  diameter — prepared  by  specially  designed 
crushers  and  screens,  which  removed  all  worthless  and  crumbly  ma- 
terial and  all  particles  of  less  size  than  one-eighth  inch.  The  total 
filtering  area  is  laid  out  in  the  form  of  a  circle,  of  one  and  one-fourth 
acres,  so  that  each  bed  forms  a  sector  of  this  circle.  In  the  center  of 
the  circle  is  a  small  brick  building  containing  the  actuating  mechan- 
ism which  controls  the  flow  to  and  from  the  beds,  and  does  it  not 
only  at  no  cost,  but  with  a  regularity  impossible  of  attainment  by 
manual  labor. 

V  The  sewage  in  leaving  the  septic  tank  is  discharged  over  a  weir  into 
the  outlet  chamber  in  such  a  way  as  to  thoroughly  spray  and  free  the 
liquid  of  the  gases  resulting  from  the  anaerobic  treatment.  Connected 
with  this  outlet  chamber,  and  immediately  opposite  the  point  of  dis- 
charge of  the  weir,  are  ventilating  pipes  leading  to  the  chimney  of  the 

garbage  crematory.    In  this  way  all  odors  are  rapidly '^  '>ff. 

The  sewage  is  then  conducted  to  an  aerating  chamber, 
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over  a  series  of  steps  and  is  thoroughly  exposed  to  the  atmosphere. 
In  this  way  the  dissolved  oxygen  is  effectually  increased  and  the  efflu- 
ent thoroughly  prepared  for  the  final  aerobic  action  upon  which  its 
purification  in  bacteria  beds  depends. 

Thus  it  is  seen  that  the  separation  of  the  aerobic  from  the  \!<iiolly 
anaerobic  treatment  was  deemed  essential  and  amply  provided  for  in 
this  design. 

In  operation,  four  of  the  beds  are  in  action  at  one  time,  the  fifth 
being  thrown  out  by  the  apparatus  itself,  for  a  period  of  rest  of  one 
week.  Of  the  four  in  use,  one  is  being  filled,  one  is  standing  still,  one 
is  emptying,  and  one  is  resting.  The  cycle  is  completed  in  from  fifteen 
to  eighteen  hours,  and  the  period  of  contact  averages  four  and  one- 
half  hours. 

The  works  have  given  entire  satisfaction.  They  have  successfully 
accomplished  the  object  for  which  they  were  built,  viz.,  to  obviate 
the  pollution  of  the  Rocky  Fork  River  and  to  treat  the  sewage  of  the 
entire  city. 

The  total  cost  of  the  works,  including  land,  engineering,  a  garbage 
crematory,  and  one  mile  of  outfall  sewer,  was  $87,093.  This  is  a  per 
capita  cost  of  $4.35.  The  cost  of  operation  for  1904  was  $3123.47, 
of  which  $2282  was  for  salaries  of  engineer  and  fireman  at  the  pumping 
station.  The  total  also  includes  the  cost  of  cremating  the  garbage 
of  the  city.  Outside  of  the  pumping  station  and  the  garbage  plant, 
practically  no  money  has  been  required  for  operation.  The  tank  and 
filters  cost  but  a  few  dollars  per  year  to  operate.  The  per  capita  cost 
on  the  basis  of  this  whole  expenditure  for  operation  was  15.6  cents 
for  the  year. 

Crude  Sewage  Disposal  by  Dilution  at  Atlantic  City,  N.  J. 

The  very  best  method  of  sewage  disposal  is  into  a  body  of  water 
where  favorable  conditions  prevail.  Here  it  is  treated  by  bacterial 
agencies  unaided  by  man. 

Some  most  interesting  facts  have  been  brought  out  in  connection 
with  tide-water  disposal  of  crude  sewage  at  Atlantic  City.  The  pres- 
ent point  of  discharge  is  into  the  back  waters  of  Beach  Thoroughfare, 
remote  from  habitations  and  about  two  miles  distant  from  the  pump- 
ing station.  The  ocean  beach  has  always  been  kept  religiously  free 
from  even  the  suggestion  of  pollution  of  any  kind,  the  active  efforts 
of  the  City  Board  of  Health  in  this  respect  vouchsafing  to  the  public 
the  maintenance  of  the  highest  sanitary  standards. 
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The  rapid  increase  of  late  years  in  the  volume  of  sewage  brought 
up  the  question  of  the  advisability  of  treating  it  artificially.  Investi- 
gations proved  that  to  purify  the  sewage  by  sand  filtration  would  cost 
over  half  a  million  dollars. 

Street  drainage  is  discharged  into  the  back  thoroughfare  waters. 
The  unpreventable  pollution  from  this  source  is  considerable,  but  the 
waters  are  amply  able  to  oxidize  these  impurities.  It  therefore  clearly 
appeared  that  circumstances  did  not  require  an  extremely  high  de- 
gree of  sewage  purification. 

Then  it  logically  followed  that,  if  only  a  partial  purification  were 
to  be  sought,  an  expenditure  of  $375,000 — the  estimated  cost  of  con- 
tact filtration — ^would  be  out  of  all  proportion  to  the  benefits  derived 
by  the  process,  because  it  was  found  that  the  impurities  which  would 
be  intentionally  passed  through  the  filters  into  the  Thoroughfare  for 
further  oxidation  would  not  tax  the  oxidizing  capacity  thereof.  So 
if  this  much  impurity  were  to  be  put  into  the  stream,  there  was  no 
reason  why  more  should  not  be  turned  in  also. 

By  this  method  of  elimination  it  was  finally  concluded  that  the  in- 
land waters  w^ere  amply  able  to  successfully  dilute  and  destroy  all  the 
crude  sewage  of  the  city. 

The  present  force  main  now  discharges  at  a  point  two  and  one-half 
miles  distant  from  the  ocean.  The  sewage  itself  contains  no  free  oxy- 
gen. The  water  directly  over  the  sewer  outlet  at  high  tide  contains 
16.5  per  cent.  Twenty-five  feet  away  it  contains  78  per  cent.,  and  in 
the  center  of  the  channel,  three  hundred  feet  away,  87.8  per  cent. 

This  shows  how  great  and  rapid  is  the  dispersion  of  the  sewage  at 
this  point  at  high  tide,  and  at  low  tide  the  dilution  is  nearly  as  great. 

For  tracing  sewage  in  a  stream  bacteriological  tests  are  more  deli- 
cate and  they  show  more  readily  what  becomes  of  the  sewage.  At 
high  tide  at  the  sewer  over  1,000,000  blood  temperature  organisms 
were  found  in  a  cubic  centimeter  of  water,  but  in  the  center  of  the  chan- 
nel opposite  only  250  were  found.  Between  the  sewer  and  the  ocean 
at  low  tide,  when  tlu^  i^d-iui/si  imiliuiuij  ununi  uma,  iin-^iv  vu  ir  Mi) 
blood  temperature  organisms  in  a  cubic  centimet-o*  of  water  takf^ii  li)i)i) 
feet  distant  from  the  sewer;  2000  feet  dista"*  ♦^^^'^  ^^*ere  875;  40^>^ 
feet  distant  there  were  550;    one  mile  dF  ^  175,  two 

miles  distant  125,  and  near  Absecon  Inlet  %. 

The  wonderful  bacterial  dbperwbn  and  *-« -Hctb 

more  fully  appears  when  the  bacterial  CO  mt 

of  various  streams  used  for  public  w  at 
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the  following  cities,  Lawrence,  Youngstown,  Kttsburg,  Louisville, 
London,  Berlin,  is  4100.  At  Atlantic  City  for  all  stages  of  the  tide 
the  average  is  301. 

The  dissolved  oxygen  teste  showed  that  from  four  to  nine  times 
the  estimated  volume  of  crude  sewage  in  1920  can  be  disposed  of  in 
the  Thoroughfare  at  the  sewer  outlet  without  producing  a  nuisance. 
The  chemical  teste  showed  these  factors  to  be  from  four  to  seven. 
The  bacteriological  examinations  demonstrated  the  waters  to  be  su- 
perior to  many  streams  serving  as  sources  of  filtered  public  water- 
supplies  or  used  for  aquatic  pastimes. 

The  purification  cannot  be  accounted  for  by  sedimentetion. 

A  profile  of  the  bottom  of  the  channel  at  the  sewer  outlet,  taken 
in  the  siunmer  of  1903,  compared  with  one  taken  at  the  same  place 
a  year  later,  showed  a  very  considerable  scouring  of  the  sand  to  have 
occurred.  An  extended  current  meter  measurement  of  the  tidal  velo- 
cities at  all  stages  and  depths  showed  the  bottom  velocities  to  be  con- 
siderably in  excess  of  those  required  to  move  sewage  deposite.  There- 
fore favorable  conditions  for  sedimentation  do  not  exist  there. 

Confirmatory  evidence  of  the  scouring  force  of  the  current  was  found 
in  the  chemical  analyses  of  the  waters,  which  showed  large  amoimts 
of  suspended  solids,  mostly  of  a  mineral  character.  The  preponder- 
ance of  the  scouring  over  the  subsiding  forces  was  also  proved  by 
comparing  relative  amounte  of  total  nitrogen  in  mud  taken  from 
different  parte  in  the  thoroughfare  with  a  sample  of  mud  non-poUuted 
by  sewage. 

The  conditions  at  Atlantic  City  are  favorable  for  the  bacterial  treat- 
ment of  sewage  in  water.  Before  this  conclusion  was  reached  the 
local  clam  and  oyster  industry  was  most  carefully  studied  with  special 
reference  to  sewage  contamination.  This  study  materially  influenced 
the  final  design,  which  provides  storage  reservoirs  planned  to  discharge 
only  on  the  first  four  hours  of  the  ebb  tide. 

In  ite  primitive  condition  the  Thoroughfare  was  free  from  artificial 
pollution,  and  now,  in  consequence  of  a  large  city  being  located  on 
ite  banks,  some  pollution  is  inevitable,  and  this  \mpreventable  pollu- 
tion renders  storage  of  clams  and  oysters  in  these  waters  imdesirable. 
The  vigilance  of  the  Board  of  Health  has  entirely  prevented  this  prac- 
tice. 

The  fact  that  the  mere  existence  of  a  thickly  populated  community 
on  a  tidal  body  of  water  establishes  a  zone  of  suspicion  with  respect 
to  the  shell-fish  industry  therein  suggeste  the  necessity  for  adequate 
legislation  to  regulate  the  traffic  in  this  zone. 
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Proprietary  Claims. 

In  concluding  the  foregoing  brief  description  of  four  American  dis- 
posal works,  each  being  a  distinct  type  of  bacterial  treatment,  the 
writer  feels  called  upon  to  refer  again  to  patents.  Proprietary  bac- 
terial methods  have  not  up  to  this  time  gained  a  strong  hold  in  America 
nor  in  England.  Public  moneys  have  defrayed  the  expense  of  experi- 
ments, the  results  have  been  freely  published,  and  attempts  to  patent 
borrowed  ideas,  or  to  get  a  legal  monopoly  of  this  kind  of  a  public 
necessity,  are  frowned  upon. 

This  refers  to  the  processes  themselves  and  not  to  appliances. 

In  the  writer's  opinion  none  of  the  important  basic  process  claims 
can  be  sustained.  Having  been  actively  identified  with  the  develop- 
ment of  the  art  in  America  since  1882,  and  with  the  defense  in  recent 
important  suits,  he  speaks  with  a  conviction  bom  of  facts  as  found 
by  an  exhaustive  study  of  the  subject,  and  T\ith  the  hope  that  it  may 
be  of  some  help  to  those  debating  what  to  do  about  the  royalty  ques- 
tion. 

The  American  Sewage  Disposal  Company's  case  against  the  city  of 
Pawtucket  was  adversely  reported  a  few  months  ago  in  the  United 
States  Circuit  Court. 

The  Cameron  Septic  Tank  Company's  claims  agfiinst  several  munic- 
ipalities are  now  being  defended.  It  should  be  a  source  of  gratifica- 
tion to  the  engineering  profession  at  large  that  the  city  of  Plainfield's 
example  has  not  been  followed.  That  municipality  paid  $4000  in 
acknowledgment  of  the  validity  of  the  Cameron  patent  rather  than 
contest  the  same.  It  was  considered  cheaper  to  settle  than  to  fight. 
But  other  places  have  a  higher  sense  of  responsibility  than  to  pay 
out  money  on  request,  simply  because  somebody  may  have  secured 
a  patent  unguaranteed  by  the  Government,  and  whose  validity  can 
only  be  established  by  a  test  cas^e  in  the  courts. 


DISCCSBION. 
Kenneth  Allen  (Atlantic  City,  N.  J.). — I  buve  bwsn  vrjy 
in  listening  to  Mr.  Snow's  paper.     I  do  not  know  that  I  am 
qualified  to  discuss  that  portion  respetfting  Atlantic  City*  for 
in  a  little  different  line  there.     It  would  seem  fmm  what  K^ 
Mouras  was,  after  all,  the  first  one  to  u«e  the  s<?ptic  tank;  ir 
Muller  used  it  in  Saxony  and  Pruaeifi  prior  to  1S73.  JAQWtamW 
it  some  twenty  years  prior  to  1883  ^-r  1S82.     I  bellevt  tidff 
was  for  treating  the  effluent  from  bt*^iH&ugar  factcnet,  audf 
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One  interesting  apparatus  was  that  of  Scott-Moncrieflf,  referred  to  by  Mr. 
Snow,  in  which  the  septic  sewage  was  put  through  a  series  of  tra3rs,  the  diff^^nt 
bacteria  developing  in  each  and  each  one  doing  its  part,  with  the  fresh  sewage 
going  into  the  top  tray  and  dropping  through  to  the  next,  and  so  on  through 
several  shallow  trays,  the  effluent  coming  out  at  the  end  of  a  few  minutes  from 
its  entrance  to  the  top  tray,  when  it  was  purified.  That  was  a  very  remarkable 
illustration, — not  on  a  large  scale  but  rather  experimental  in  character.* 

One  point  that  I  think  has  been  until  recently  overlooked  in  the  past  is  the 
precise  quality  of  the  effluent  that  should  be  secured.  It  has  been  generally 
assumed  in  planning  a  disposal  plant  that  if  you  put  in  a  certain  number  of  grains 
of  alum  or  lime,  or  if  you  apply  a  certain  amount  of  sewage  to  a  given  area,  you 
are  going  to  get  a  certain  result  that  will  be  satisfactory.  Now  there  are  a  good 
many  points  that  should  be  taken  into  consideration.  Among  them  the  kind 
or  character  of  the  stream  that  the  effluent  is  to  go  into — whether  there  is  a  suffi- 
cient amount  of  dissolved  oxygen  in  that  stream.  Also  the  character  of  the  sew- 
age. These  two  points  in  themselves  make  a  great  many  combinations  or  con- 
ditions, so  that  special  study  is  necessary  for  each  case. 

Bacterial  treatment  is  no  doubt  the  scientific  treatment  for  sewage;  at  the 
same  time,  I  think  there  are  cases  where  sterilization  is  an  aid  for  temporary 
purposes;  for  instance,  in  cases  where  we  know  the  sewage  contains  pathogenic 
bacteria,  and  it  is  desired  to  eliminate  these  when  the  sewage  goes  into  a  stream 
used  for  drinking  purposes.  In  that  case,  it  seems  to  me,  sterilization  might  be 
used  temporarily,  as  a  device  which  would  accomplish  that  end,  as  it  is  used  now 
for  sterilization  of  storm-water  on  one  or  two  of  the  small  areas  of  the  Croton 
watershed. 

The  Royal  Commission's  investigations  are  being  looked  for  with  a  good  deal 
of  interest,  of  course.  The  reports  up  to  the  present  time  contain  a  great  deal 
of  matter,  but  unfortunately  it  is  withheld  so  long  that  when  it  reaches  the  pub- 
lic it  is  not  as  new  as  desirable.  They  seem  to  rather 'favor  the  application  of 
sewage  to  land;  that  is,  if  I  understand  it,  they  conclude  that,  taking  all  thinga 
into  consideration — the  cost,  the  area  of  land  required,  and  the  result  secured 
— there  is  greater  economy,  as  a  rule,  in  England,  in  sewage  farming  than  tho^ 
is  in  special  treatment.  I  think  that  is  a  question  that  must  be  studied  for  each 
case;  much  depends  on  the  land  required  and  its  cost.  The  area  required  for 
irrigation  is  perhaps  ten  times  that  required  for  intermittent  filtration;  and  that, 
perhaps  ten  times  that  required  for  the  most  efficient  bacterial  treatment.  The 
experience  with  treatment  on  land — sewage  farming — is  of  long  standing,  espe- 
cially in  England  and  in  Europe  generally;  and  as  I  do  not  suppose  that  much 
greater  concentration  of  dose  per  acre  is  liable  to  be  had  in  the  future,  the  greater 
the  concentration  obtainable  by  bacterial  treatment,  the  greater  the  advantage 
this  kind  of  treatment  will  have  over  land  treatment.  Where  the  effluent  is  to 
be  turned  into  a  water  that  is  subsequently  to  be  used  for  drinking  purposes,  it 
seems  to  me  that  the  treatment  on  land  is  somewhat  safer.     That  is,  if  anything 

*  "Dr.  Samuel  Rideal,  .  .  .  who  has  examined  the  working  of  this  sys- 
tem, after  mentioning  that  the  time  taken  for  passage  through  nine  trajrs  was 
about  eight  minutes  when  observed,  analyzed  the  effluent,"  and  says:  "The 
nitrate  has  developed  with  extraordinary  rapidity  and  to  an  extent  that  exceeds 
any  other  known  process." — The  Polytechnic ^  Sept.,  1899. 
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happened  to  interfere  or  interrupt  intenafied  treatment,  the  results,  it  seems  to 
me,  might  be  more  dangerous  than  in  the  case  of  land  treatment. 

Disposal  into  tide-water  seems  to  be  accepted  now  as  the  proper  thing  where 
the  conditions  justify  it.  In  considering  the  problem  in  Baltimore  some  years 
ago  the  Conmiission  reconmiended  disposal  into  the  Chesapeake  Bay.  After 
making  float  and  tidal  experiments  to  see  what  the  dispersion  would  be,  and  after 
reconsidering  the  matter  after  the  presentation  of  their  first  report,  they  reported 
a  second  time  in  confirmation  of  their  first  reconmiendations.  The  particular 
objection  came  from  the  people  interested  in  the  03rster  business,  which  is  there 
of  such  importance  that  it  is  not  at  all  likely  now  that  this  plan  will  be  carried 
out.  The  way  it  was  looked  at  by  the  Conunission  was  that  if  the  sewage  were 
emptied  into  the  Chesapeake  Bay  many  miles  below  the  city  and  some  two  miles 
from  shore,  the  large  area  of  dispersion  and  the  great  area  of  water  that  would 
be  available  to  take  care  of  the  sewage  would  prevent  any  unsatisfactory  con- 
ditions, the  only  point  in  question  being  the  contamination  of  the  oyster  beds. 
And  it  was  considered  that  if  the  taking  of  oysters  were  prevented  by  law  within 
a  certain  distance  of  the  outfall,  as  Mr.  Snow  has  recommended  for  Atlantic  City, 
the  possibility  of  contamination  beyond  that  area  would  be  so  very  slight  as  to 
be  negligible.  Dr.  Brooks,  of  the  Johns  Hopkins  University,  looked  at  it  in  a 
different  way.  He  considered  that  the  bay  being  full  of  organic  matter,  this 
food  for  bacteria  might  promote  their  growth  after  being  discharged  into  the 
bay,  and  that  it  was  consequently  impossible  to  tell  to  what  extent  they  mi^ht 
develop  and  contaminate  oysters  further  down  the  bay;  although,  as  a  matter 
of  fact,  the  oysters  are  taken  from  near  the  shores,  and  the  tendency  of  the  sew- 
age was  to  concentration  in  the  channel.  However  that  may  be,  the  result  was 
that  there  was  so  decided  an  opposition  from  the  oyster  interests  that  this  pro- 
ject was  abandoned. 

The  city  is  now  in  a  position  to  go  ahead  with  the  work,  and  has  an  oppor- 
tunity such  as  is  seldom  given  to  a  municipality  to  put  in  a  complete  plant  on 
a  very  large  scale,  and  there  seems  no  reason  why  it  should  not  be  very  perfect 
in  its  way,  for  the  reason  that  land  in  the  vicinity  is  cheap, — much  cheaper  than 
in  the  vicinity  of  most  large  cities, — and  that  if  filtration  should  be  decided  on, 
there  is  a  great  quantity  of  excellent  coarse  sand  within  a  reasonable  distance 
of  the  city. 

The  matter  of  bacterial  treatment  is  so  new  that  it  is  possible  that  its  com- 
plete installation  may  be  deferred  here,  but  that  system  will  probably  be  found 
in  the  end  to  have  marked  advantages  over  any  other. 

C.  Hampson  Jones  (Baltimore,  Md.). — Before  attending  the  meeting  I  had  no 
idea  that  I  would  be  expected  to  speak,  and  I  have  been  somewhat  disturbed  by  the 
fact  that  I  was  informed  after  my  arrival  that  I  might  be  called  upon.  I  tried, 
however,  to  pay  strict  attention  to  the  lecture,  and  I  am  wire  timt  T  huve  piMliu  .J 
very  much  by  it.     The  subject,  I  am  glail  to  my\  is  one  that  Bui*  i^ 

taking  up  in  real  earnest,  for  the  reason  tbiif  we  have  just  lately 
a  campaign  in  which  we  were  successful  in  petting  the  battf  IW 
establishing  a  sewerage  system.  The  f^tabliebmetit  of  a  liwl 
course,  is  independent  of  the  ultimate  disposal  of  the  »ewage,  ^ 
I  think  I  am  perfectly  safe  in  saying  that  we  have  only  two  pt^ 
sider:  first,  the  irrigation  system,  about  ten  tulle*  from  tlip  dt| 
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is  the  80-caIled  septic  treatment  of  the  sewage.  The  first  cost  of  disposal  by 
the  irrigation  system  is  so  great  that  it  has  been  determined  to  first  try  the  sep- 
tic S3rstem.  Not  less  than  20,t)00  acres,  and  in  all  probability  nearly  40,000 
acres,  of  land  will  be  necessary  for  such  an  undertaking.  Berlin  at  this  time  is 
using  about  30,000  acres,  and  it  has  only  been  within  the  last  year  or  two  that 
it  has  been  a  fair  investment,  and  that  was  because  of  the  high-priced  food  due 
to  the  want  of  rain;  that  is,  elsewhere  than  in  filtration  beds.  We  know  very 
well  that  the  septic  treatment  of  sewage  is  perfectly  successful  in  small  localities, 
and  we  are  watching  with  considerable  interest  the  introduction  of  the  septic 
tanks  in  Manchester,  England,  which  is  about  the  same  site  as  Baltimore.  In 
my  own  judgment,  if  a  83rstem  is  successful  for  small  quantities  of  sewage,  it  oer- 
tainly  can  be  successful  for  no  matter  how  lai*ge  a  plant  by  merely  multipljring 
the  unit  of  construction.  Of  course,  I  am  particulariy  interested  in  what  w« 
are  going  to  do  in  Baltimore,  but  in  my  judgment,  for  those  towns  or  cities  that 
have  finally  to  dispose  of  the  sewage  into  streams  from  which  drinking-wato-  is 
subsequently  taken  by  cities  lower  down,  there  is  no  other  sjrstem  that  is  ao  safe 
as  the  septic  S3rstem.  Properly  managed,  they  will  do  the  work.  Improperly 
managed,  like  everything  else,  they  will  not  do  the  work;  so  that,  after  all,  it  is 
a  matter  of  careful  supervision  of  such  systems. 

R.  H.  Garrison  (Vineland,  N.  J.). — Tliis  matter  is  in  the  hands  of  the  Goran- 
ment  at  present,  under  the  direction  of  Dr.  Moore.  You  all  know  of  his  results 
with  copper  sulfate  in  reservoirs,  and  they  are  now  experimenting  with  copper 
sulfate  in  connection  with  sewage  purification.  I  have  not  studied  ovw  the  test 
data  yet,  so  I  cannot  tell  much  about  the  results,  except  that  they  are  proviog 
very  successful  as  far  as  they  have  gone. 

We  have  in  use  sand  filtration  and  settling  beds  without  septic  tanks  and  dis- 
charge our  effluent  into  potable  water;  and  so  far  (previous  to  the  use  of  copper 
sulfate)  did  not  purify  the  effluent  to  the  extent  required.  We  are  experiment- 
ing now  to  get  something  to  help  our  beds  obtain  a  high  degree  of  purification 
without  a  septic  tank. 

I  suppose  Dr.  Moore  will  make  public  his  results  in  time;  I  think  they  are  in 
a  new  line,  but  I  am  unable  to  tell  you  much  about  the  results  so  far. 

P.  J.  A.  Maionbn. — ^The  paper  is  a  great  credit  to  the  Club  and  to  the  author. 
I  have  never  heard  a  paper  so  complete  and  full  of  facts.  I  should  like  to  ask 
whether  it  is  desirable  to  apply  chemical  treatment  before  or  after  septic  action 
—of  course,  it  cannot  be  applied  before  septic  action,  because  it  would  prevent 
it,  but  I  understand  that  the  chemical  treatment  is  to  be  applied  to  fresh  sewage 
and  not  to  stale  sewage.  I  would  also  like  to  ask,  what,  in  his  experience,  is  the 
proper  time  required  for  the  septic  action  to  be  complete?  Some  samples  of 
sewage  which  I  have  examined  after  twenty-four  hours  and  after  six  hours  pre- 
sent characteristics  that  are  entirely  different.  I  think  it  would  be  desirable  for 
students  of  the  art  of  sewage  treatment  to  have  some  advice  as  to  the  proper 
size  of  septic  tanks.  Is  the  cremation  of  sludge  carried  out  at  one  of  the  plants 
referred  to?  Why  were  the  crops  discarded?  What  is  considered  the  best  prac- 
tice in  England  now?  When  I  was  there  I  saw  the  use  of  manganate  of  soda 
and  sulfuric  acid,  and  later  on  iron  and  lime.  What  is  the  actual  practice  in 
Iiondon?  And,  finally,  I  would  ask  the  author,  who  has  described  the  processes 
which  are  apparently  successful  in  every  case  and  yet  so  different,  what  he 
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would  reoommend  for  a  place  in  which  there  is  neither  a  body  of  water  to  dilute 
and  take  away  the  sewage  nor  natural  sand  to  filter  it? 

Mr.  F.  Herbert  Snow. — In  answer  to  the  first  question:  Chemical  treatment 
should  be  applied  to  sewage  as  a  means  of  removing  the  suspended  solids  prjor 
to  the  liquid  going  upon  a  filter,  of  whatever  kind  that  filter  may  be,  imless  it  is 
desired  to  get  an  absolutely  sterile  effluent  from  the  plant;  and  if  so,  probably 
some  electrical  treatment  would  sterilize  the  effluent  as  well  or  as  cheaply  as  any 
known  process. 

Second,  regarding  the  optimum  period  of  subjecting  the  sewage  to  septic  treat- 
ment, the  speaker  knows  of  no  authority  on  the  subject.  Among  other  things, 
it  depends  upon  the  quality  of  the  sewage.  In  fact,  in  some  sewer  systems  the 
sewage  upon  reaching  the  worics  has  been  so  completely  decomposed  that  it  is 
useless  to  pass  it  through  or  expose  it  to  any  further  degree  of  septic  action.  As 
a  general  rule,  it  is  good  practice  to  design  for  a  twenty-four  hour  period.  The 
fluctuations  in  the  quantity  and  quality  of  the  sewage  should  be  kept  in  mind 
and  arrangements  should  be  made  to  admit  of  controlling  the  period.  Whether 
it  should  be  twelve  hours  or  more  must  be  determined  by  practical  experience. 
So  little  is  known  about  what  constitutes  the  optimum  period  that  every  plant 
built  must  be  considered  in  a  sense  an  experimental  plant. 

Third,  cremation  of  the  sludge  is  not  provided  for  in  any  plant  described  by 
the  author.  The  Mansfield  crematory  is  for  garbage  only.  The  advantage  of 
having  a  crematory  at  the  sewage  works  is  apparent.  The  same  set  of  men 
handle  both,  thereby  effecting  economy  in  management. 

Fourth,  the  crops  were  abandoned  at  Brockton  when  the  experiment  was 
concluded.  The  trials  were  instituted  in  the  beginning  to  learn  to  what  extent 
crops  would  assist  in  the  destruction  of  the  sludge.  It  was  found  that  cropping 
the  beds  was  not  the  most  efficient  means  of  promoting  the  sludge  disposal. 
The  shade  of  the  crops  retarded  the  drying-out  process  and  tended  to  create  a 
pronounced  odor. 

Fifth,  the  process  in  London  at  the  present  consists  in  the  precipitation  of  the 
suspended  solids  by  the  use  of  chemicals,  mostly  lime. 

Sixth,  in  a  case  where  there  is  no  sea  or  sufficient  body  of  water  into  which  a 
clarified  effluent  may  be  discharged  and  no  natural  sand  through  which  it  may 
be  filtered,  the  only  method  remaining,  other  than  sewage  farming,  is  some  one 
of  the  accelerated  processes  of  filtration. 

In  reference  to  Mr.  Allen's  discussion,  it  is  true  that  Moiu'as's  use  of  the 
septic  tank  antedated  that  of  Dr.  MuUer,  but  Miiller  published  his  view  years 
before  Mouras's  tank  became  known.  While  it  is  also  true  that  MiUler's 
process  was  intended  for  the  treatment  of  beet-sugar  works,  as  Mr.  Allen 
says,'  it  is  still  further  true  that  in  the  specification  of  his  patent,  1878,  Dr. 
Miiller  emphasized  the  fact  that  the  process  was  intended  to  be  appUed  to 
the  dispoiud  of  town  sewage.  With  respect  to  the  Scott-Moncrieff  process 
of  rapid  ffltration  to  which  Mr.  Allen  referred,  it  has  not  yet  been  demonstrated 
in  practice  that  sewage  can  be  passed  through  any  zone  or  cycle  of  zones  of 
bacterial  activity  and  in  a  few  minutes  be  purified  by  such  agency  or  any  other 
agency;  but  there  is  no  doubt  that  along  the  lines  of  rapid  aeration  advancement 
is  to  be  made.  I  agree  with  Mr.  Allen  that  the  question  of  the  quaUty  of  the 
5    ffluent  necessary  in  any  particular  plant  should  be  carefully  considered.    The 
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importance  of  this  point  has  not  been  thoroughly  grasped  by  engineers.  The 
character  of  the  stream  receiving  an  effluent  ought  to  be  taken  into  consideratton 
in  solving  a  problem  of  disposal.  Atlantic  City  is  a  good  illustration  of  this  fact. 
Regarding  sterilization,  it  may  be  true  that  there  are  some  cases  in  which  this 
end  should  be  solved,  but  the  speaker  has  never  met  one,  and  he  believes  they 
are  so  few  that  the  subject  is  not  worth  considering  at  this  period  in  the  develop- 
ment of  the  art  of  sewage  treatment.  There  is  no  question  about  there  b^ng 
what  may  be  called  a  legal  pollution  which  results  from  the  mere  existence  of 
a  city  on  the  banks  of  a  stream  or  the  borders  of  a  body  of  water.  Even  if  a  city 
purifies  its  sewage  according  to  the  best  practical  method  known  today,  the 
effluent  from  the  treatment  will  contain  bacteria  and  organic  matter  of  a  pollut- 
ing character.  Besides  this  contamination,  there  is  the  natural  surface  wash 
from  the  roofs,  yards,  and  gutters,  which  cannot  be  prevented,  and  sensibly  pol- 
utes  any  river  into  which  it  may  go,  so  that  the  down-stream  proprietor  who 
wishes  to  use  that  water  for  drinking  piuposes  does  so  at  his  own  risk  if  he  does 
not  take  the  precaution  of  ffltering  it.  So  we  have  two  necessities:  first,  the 
minimizing  by  sewage  treatment  of  the  pollution  by  the  up-stream  proprietor; 
second,  the  ffltering  of  the  water  by  the  down-stream  proprietor. 

Regarding  the  position  of  the  Local  Government  Board  of  England  in  refer- 
ence to  land  treatment  or  sewage  farming,  to  which  Mr.  Allen  referred,  it  would 
seem  as  though  adherence  to  this  method  were  necessary  for  two  reasons:  first, 
because  it  is  efficacious  and  the  best  safeguard  in  that  coimtry;  and  second,  be- 
cause, being  an  ancient  legacy,  it  is  impracticable  to  abandon  the  system.  There 
would  be  no  adequate  return  and  the  adoption  of  other  methods  would  be  ex- 
cessively expensive. 

Mr.  Allen's  reference  to  oysters  and  clams  affords  an  opportunity  to  call  at- 
tention to  the  necessity  for  interstate  regulation  of  the  industry.  Several  years 
ago  in  Atlantic  City  it  was  the  custom  to  dig  clams  in  the  Thoroughfare  in  the 
vicinity  of  several  sewer  outlets.  These  clams  were  sold  in  the  city.  An  epi- 
demic of  typhoid  fever  occxirred.  Investigation  served  to  prove  that  polluted 
clams  and  oysters  were  the  cause.  Therefore  the  Board  of  Health  took  measures 
to  prevent  traffic  in  Thoroughfare  shellfish.  The  local  oystermen  at  first  remon- 
strated at  this  so-called  "unwarrantable  interference,"  but  public  sentiment, 
having  been  enlightened,  demanded  vigorous  measures,  and  the  merchants  found 
that  only  through  support  of  the  Board  of  Health  efforts  could  their  business  be 
successfully  maintained.  One  merchant  only  defied  the  Board,  and  today  he 
is  carrying  on  his  business.  He  purchases  clams  and  oysters  brought  in  from 
unpolluted  sources  and  la3rs  them  down  in  a  float  located  within  three  hundred 
feet  of  a  sewer.  Here  they  stay  pending  shipment.  As  would  be  expected,  the 
clams  and  oysters  are  polluted  by  retention  in  that  float.  They  are  found  on 
examination  to  contain  intestinal  organisms  in  very  large  numbers,  some  of 
which  undoubtedly  may  be  pathogenic.  At  any  rate,  the  food  is  unsuitable  for 
himian  beings;  but  this  does  not  prevent  him  from  shipping  the  shellfish  out  of 
the  State  and  beyond  the  jurisdiction  of  the  New  Jersey  authorities.  They  may 
be  sold  in  Philadelphia,  New  York,  and  elsewhere.  There  are  several  million 
clams  thus  shipped  annually  to  an  unsuspecting  public.  No  better  illustration 
of  the  necessity  for  interstate  regulation  of  this  industry  should  be  needed. 


Abstract  of  Minutes  of  the  Club,  323 


ABSTRACT  OF  MINUTES  OF  THE  CLUB. 


Regular  Meeting,  March  18,  1905. — President  Comfort  in  the  chair.  One 
hundred  and  twenty  members  and  visitors  present. 

Prof.  Rondinella  announced  the  death  of  Mr.  Edward  Longstreth,  active  mem- 
ber, on  February  24th,  and  that  of  Mr.  William  Sellers,  formerly  a  member  and 
past  President,  on  January  24th. 

Mr.  Walter  Loring  Webb  read  a  paper  on  **  Reinforced  Concrete — Some  of 
Its  Principles,  with  P*ractical  Illustrations." 

Mr.  Coles,  of  the  General  Electric  Company,  explained  a  method  of  changing 
alternating  current  to  direct  current  by  means  of  a  "mercury  vapor  rectifier," 
and  demonstrated  the  method  by  means  of  an  apparatus. 

Business  Meeting,  April  1,  1905. — President  Comfort  in  the  chair.  Eighty- 
two  members  and  visitors  present. 

Dr.  Henry  Leffmann  read  a  paper  on  "Sanitation  in  Office-buildings." 

Prof.  L.  F.  Rondinella  read  a  paper  on  "The  Reproduction  of  Drawings  of 
Great  Length  and  Number." 

The  Tellers  announced  the  election  of  W.  W.  Nichols  and  Willard  T.  Sears 
to  active  membership;  John  W.  F.  Blizard,  Franklin  S.  Chambers,  Samuel  J. 
Dickey,  John  A.  Frick,  Yazujian  M.  Karekin,  and  Sidney  B.  Strouse  to  junior 
membership,  and  Richard  Y.  Filbert  and  John  S.  B.  Nagle  to  associate  member- 
ship. 

Regular  Meeting,  April  15, 1905. — President  Comfort  in  the  chair.  Eighty- 
six  members  and  x-isitors  present. 

Mr.  Foster,  as  Chairman  of  the  Philadelphia  Branch  of  the  American  Institute 
of  Electrical  Engineers,  presented  to  the  Club  a  new  screen  for  the  lantern,  as 
an  evidence  of  their  appreciation  in  being  allowed  the  use  of  the  Club  House  for 
their  monthly  meetings.  Mr.  Trautwine  moved  a  vote  of  thanks  for  this  gift, 
and  it  was  unanimously  carried. 

Dr.  Wm.  McClellan  read  a  paper  on  "The  Electrical  Engineer  in  Heavy  Trac- 
tion Work." 

Business  Meeting,  May  6,  1905. — President  Comfort  in  the  chair.  Seventy 
members  and  visitors  present. 

Dr.  E.  F.  Northrup  read  a  paper  on  "Stereoscopic  Vision  Applied  to  Survey- 
mg. 

Mr.  Luthar  D.  Lovekin  read  a  paper  on  "Recent  Developments  in  Expand- 
ing Machinery." 

The  Tellers  announced  that  William  Herbert  Gibson,  Louis  H.  Ix)sse,  and 
Joseph  Aiken  Simons  were  elected  to  junior  membership,  and  that  Henry  Long- 
cope  was  elected  to  associate  membership. 

Regular  Meeting,  May  20,  1905. — President  Comfort  in  the  chair.  Eighty 
members  and  visitors  present. 

Mr.  F.  Herbert  Snow  read  a  paper  on  "  Bacteriological  Treatment  of  Sewage." 
8 
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Regular  Meeting,  March  18,  1905. — Present:  President  Comfort,  Vice- 
President  McBride,  Directors  Dallett,  Davis,  Quimby,  Loomis,  and  Devereux, 
the  Treasurer  and  the  Secretary. 

The  President  reported  that  he  had  received  invitations  to  attend  banquets 
from  the  Boston  Society  of  Civil  Engineers  and  the  Engineers'  Club  of  Cleve- 
land and  that  he  had  sent  regrets  for  the  same. 

The  Treasurer's  report,  dated  March  13th,  was  read  and  accepted  as  follows : 

Balance,  January  31,  1905, $2993.54 

February  receipts, 608.00 

$3601.54 
February  disbursements, 561.51 

$3040.03 

On  hand  and  in  Girard  Trust  Co., $2461.60 

In  West  End  Trust  Co., 578.43       $3040.03 

The  Finance  Committee  reported  the  approval  of  numerous  bills. 

On  motion  the  Regular  Meeting  of  April  1st  was  designated  as  a  Business 
Meeting. 

It  was  moved  and  carried  that  the  lease  of  the  Club  House  at  $105  per  month 
be  accepted,  and  that  the  lease  should  be  signed  by  the  President  and  Treasurer. 

A  letter  was  read  from  the  Public  Education  Association  of  Philadelphia,  re- 
questing an  indorsement  by  the  Club  of  the  Scott  Bill,  now  pending  before  the 
legislature  at  Harrisburg.  The  Secretary  was  instructed  to  write  to  that  Associa- 
tion, "that  since  the  restrictions  of  the  By-Laws  of  the  Engineers'  Club  would 
forbid  that  such  a  matter  be  brought  before  the  Club  until  the  meeting  of  April 
1st,  and  since  such  action,  if  taken,  would  be  too  late,  the  Board  of  Directors 
considered  that  it  would  be  impossible  to  do  anything  in  the  matter." 

It  was  moved  and  carried  that  the  committee  on  the  "Relations  of  the  En- 
gineering Profession  to  the  Public"  be  dropped. 

It  was  moved  and  carried  that  the  acceptance  by  the  Club  of  a  copy  of  "Ce- 
ment and  Concrete,"  by  L.  C.  Sabin,  be  referred  to  the  Publication  Committee 
with  power  to  act. 

It  was  moved  and  carried  that  the  Secretary  of  the  State  Board  of  Health  l>e 
notified  that  we  could  probably  dispose  of  200  copies  of  the  report  of  "The  Oper- 
ations of  the  State  Board  of  Health  in  the  Suppression  of  the  Typhoid  Fever 
Epidemic  at  Butler,  Pa.,"  also  that  notice  be  included  in  the  notices  sent  to  mem- 
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bers  that  such  copies  are  obtainable  at  the  Club  House,  or  that  eopaa  «-ZI  be 
sent  to  them  upon  receipt  of  the  postage. 

It  was  moved  and  carried  that  the  application  of  the  BoineaB  mad  ProStm 
sional  Club  for  the  use  of  the  Club  House  on  April  4th  be  refemd  to  tbe  ITnnw 
Conunittee  with  power  to  act. 

An  offer  having  been  received  from  Mr.  Geo.  Bumham,  Jr.,  to  doaatc  to  xkt 
Club  some  unbound  transactions  of  the  American  Society  of  Cnril  EBfineam.  h 
was  decided  to  accept  such  copies  as  might  be  needed  to  complete  anj  deAdemae* 
in  the  Club  files,  otherwise  to  decline  the  offer  with  thanks. 

A  letter  having  been  received  from  Mr.  Ed.  Caldwell,  regarding  miaceilinHiiii 
copies  of  engineering  periodicals,  accompanied  by  an  offer  to  purchase  tbe  ammt 
for  $50,  the  matter  was  left  to  the  Library  Conmiittee  with  power  to  act. 

Regular  Meeting,  April  15, 1905. — Present:  President  Comfort,  Mee-Pre»- 
dents  McBride  and  King,  Directors  Davis,  Easby,  Loomis,  Dallett,  and  Qmmbj. 
the  Treasurer  and  the  Secretary. 

The  Treasurer's  report,  dated  April  11th,  was  read  and  accepted  as  foDows 

Balance,  February  28th, $3040.08 

March  receipts, 674.41 

$3714.44 

March  disbursements, 847.87 

$2866.57 

On  hand  and  in  Girard  Trust  Co., $2288.14 

In  West  End  Trust  Co.. 578.43      $2866.57 

It  was  moved  and  carried  that  when  books  are  sent  to  the  Club  for  the  pur- 
pose of  having  them  re\'iewed  in  the  Club's  "Proceedings"  the  policy  of  accept- 
ing  the  books  and  publishing  a  review  of  them  shall  be  left  to  the  Publication 
Conmiittee  with  power  to  act. 

It  was  moved  and  carried  that  the  Regular  Meeting  of  May  6th  be  considered 
a  Business  Meeting. 

The  Finance  Committee  reported  the  approval  of  sundry  bills. 

The  Advertising  Committee  reported  very  successful  progress  in  obtaining 
the  renewal  of  old  subscriptions,  and  also  in  obtaining  new  subscriptions  for  the 
Club  Directory. 

It  was  moved  and  carried  that  the  next  meeting  of  the  Board  be  held  at  7  p.  m . 

Regular  Meeting,  May  20,  1905. — Present:  President  Comfort,  Directors 
Davis,  Quimby,  and  Devereux,  the  Treasurer  and  the  Secretary. 

Messrs.  Loomis  and  Easby  sent  letters  of  regret  regarding  their  absences. 
There  being  no  quorum,  the  meeting  adjourned. 
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From  Edward  Orton,  State  Geologist. 
Geological  Survey  of  Ohio.     Fourth  Series  Bulletin. 

From  American  Society  for  Testing  Materials. 
Proceedings  of  Seventh  Annual  Meeting.     Volume  IV. 

From  Wm.  H.  Taft,  Secretary  of  War. 
Report  of  Tests  of  Metals,  etc. 

From  Bureau  of  Education. 
Report  of  the  Commissioner  of  Education  for  1903.     Volumes  I  and  II. 


VOL.  XXIU  No.  4 


October,   1905 


Whole  Number  9a 


PROCEEDINGS 

or 

TheEngineers'Club 

OP 

PHILADKLPMIA 


Edited  by   ttie    PiabUoatloti   Comn^itte* 


CONTENTS 


PAPERS, 

Uist^uiiiou  bj  Jamkh  CHUJSTIE,  W,  C.  Fi'RBEii,  and  Hekkv  Lkpfsi  akx, 
1 1-^   Tb(*  Siiiip?e}i  System  of  CVmrr«te  Piling,     Coi^^TAKTiKE  Shi'>IA-\  ,  Ml 

Oiatnssioa  by  P.  IL  WlLeoX  Mltl  CuK-ftTANTiXE  SlIL'MAX. 

11,  Tb«  IveVTOcluctioh  i}f  PrAwini^  of  Greiit   Leugtli   iiiid  Namber.      L,  F, 

Ri»N*liTKELLA,      .    ,    ,     ,     , , ,,,»*..,.     3T2 

Jiiaciiasiou  by  CaBL   irEHlJfG,   T   G.  ThuHN.  E.   IK   flAYss,  aurl 
L.  F.  Rasui SELLA 


t  a^  MiDUt^  of  ibeClab,    .... 
^   u  t  of  Mttiul«ii  ut'  Jifmni  of  Directors, 
ilditioDs  to  Librarjf       .    .    .    , ,   . 


31*3 


PUBLISHED  QUARTIiRLY 


The  Engineers'  Club  of  Philade 


suasoRiPTiof^  PRICE  tt.oo  pen  voLbMt 


.wr«j  •;  tr^ii  r»U*4*lHlt>  P«H  OS**  U  aM4«lf4ltM  VkitH^ 


HOWSON  &  HOWSON 


PHILADELPHIA 

^2  S.  Broad  Street 

NEW  YORK 


Counsellors-at-Law 
Solicitors  of  Patents 


WASHINGTON 


Potter  Building   38  Park  Row 


AlUntfc  Buitditig  928  F  St. 


Ceo.  M.  BuNTiKGi  Vke-PreslJent  and  Treasurtfr 
H,  BayaItd  MOLia£,  Secrttiry  jnd  A^%t  Tfta$. 
W,  H.  Roth,  As*l4tant  Secreiary 


J  AS.  M,  DawisS,  Supt,  of  CofitmKti    - 
Harold  P.  k^eh,  Supt.  of  L>r«rMiiic  Vri ' 


THE  AMERICAN 

Pipe  Manufacturing  Company 

Engineers  and  Contractors  for  Water  Works 
»2  NORTH  BROAD  STREET  PHILADELPHIA 

OWN  AHD  OPERATE  TMC  FOt-LOWINO  WATIfl  WORKS  : 
SpringlieU   Water  Co^   EilJvsfr.ne    WjiTcr  Co,.    N^jHI 

Wurer  Gq.,  Greenvltk  WiteT  Wtirks  Co.,  OpeUkt    VV,  ..  .      ^ 

Milledgevilie  W,itor  Co..  Tiltahjiii^c^  WAi^r  Wo(k»  Cm,^  Lfi  ijr^n^^ 
Dfl*s-niit  W,iTeT  WoTk»  Co..  New  Yr-fk  Inrer-Urtjiti  Wdter  C*.<  f 
Coai|i|tnv  of  Suburban  New  Yurk.  CU?i'toiHQE«£»b<TtJ  Wjier  CfX 

AH  ON  a  OTHCfts  co«iiTnycTeo  sy  rnrs  comfant  jiiic  the  foilowipio 

W^JtmoreUni  Wjter  Co.*  irwin  Water  Co..    D^rrv   W"'    "■  n  -    .      .    -  .     n     ,    . 

ftSverion  in  J  Palmyra  Wjter  Co..  Beich  Haven  Wa 

Co.,  Tjiftfiirtj  W^ttr  Supply  Co.*  D#pfw  jtnJ  Lakt   Er. 

Onttttio  Waler  Co.,  Chjiflestciii  Light  atttJ  l^*Jlre^  Cti.,  i  r.i  -in*   -»^  j.it   ,. 


BLACK  DIAMOND  FILE  WORKS 


AwftTdcd  at 

tptcmaflonal 
Expositions 


l£tCMrfot«;c£  x|g5 


Spccbl  PrUc 

G0I1I  aie4tl 

AttiDta  im 


0.  &  H.  BARNETT  CO.    Philadelphia  Pa. 


iri£  N£Vt/  YORK 

PUBUCiiBfiARY. 


Editors  of  other  tc 


print  articles 


from  this  Journal,  proTiaea  due  credit  be  giren  the  Procbbdings. 


PROCEEDINGS 

OF 

The  ENGINEERS'  Club 

OF   PHILADELPHIA. 

ORGANIZED  DECEMBER  17,  1877.  INCORPORATED  JUNE  9,  1892. 

Note. — The  Club,  as  a  body,  is  not  responsible  for  the  statements  and  opinions 
advanced  in  its  pablications. 


VoL  XXn.  OCTOBER,  1905.  No.  4 


Paper  \o.  1012. 

THE  MICROSCOPIC  STRL'CTL'RF  OF  BUILDING  STONES. 

HENRY    LKFFMANX. 

Rend  Stptemher  JO,  19^)5. 

Ix  a  comprehensive  sense,  rock  is  any  natural  mineral  substance, 
but  this  will  include  water,  sand,  petroleum,  coal  and  natural  gas, 
materials  that  would  not  in  ordinary-  language  be  termed  rocks.  Geo- 
logically, a  rock  is  a  mineral  aggregate,  forming  part  of  the  earth's 
crust.  This  paper  is  concerned  with  a  .still  narrower  feature,  namely, 
those  minerals  which  are  prepared  by  mechanical  means  for  construc- 
tive purposes.  It  i.s  almost  never  possible  to  draw  a  sharp  line  in 
classification,  and  it  is  neoes.sar\',  therefore,  to  include  .sc^me  materials, 
partly  artificial,  which  are  .substitutes  for,  or  accessories  to,  natural 
materials.     Among  these  are  slag,  concrete  and  brick. 

The  rocks  and  rock-substitutcfs  us^xl  in  engineering  con.struction 
are  selected  under  niles  that  difTer  with  the  conditions. 

Ornamental  Character  is  usually  of  frreat  importance,  but  high 
ornamentation  and  refin^'l  anhit^^Ttur;  :-.  lim;,  iv-  ,■  _- 

as  to  be  hiderms.     iJe-Itrns  adapter!  :.  chUfT  rollegc? 

would  be  wholly  out  of  ta^te  if  u-e<i  for  a  luill,  m 
the  ^^cinity  of  a  d^y  the  eniririf^fr  will  crfiri-^trurf  &• 
stone,  while  in  rr-rLote  di-tri^t-  eoar.-^r  work  Wll 
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features  have  determining  influences.  In  the  first  place,  durability 
is  much  coordinated  with  climate.  In  places  in  which  temperatures 
range  within  wide  limits,  stone  is  apt  to  suffer  much  more  than  where 
the  temperature  range  is  narrow.  This  is  especially  true  if  the  limits 
of  temperature-change  are  respectively  well  above  and  well  below 
the  freezing-point  of  water.  A  stone  that  would  be  unchanged  for 
many  years  in  Porto  Rico  may  be  soon  injured  in  Maine.  Even  a 
narrow  range  of  temperature-change  may  act  injuriously  if  extreme 
as  to  heat  or  cold.  Moisture  has  considerable  influence,  especially 
as  to  the  manner  of  its  precipitation.  In  many  localities,  rain  beats 
commonly  in  certain  directions.  Constructions  facing  these  directions 
will  be  exposed  to  the  mechanical  action  of  the  rain  drops,  and  to 
the  partly  mechanical,  partly  chemical  action  of  the  running  water. 

The  abnormal  conditions  in  modem  cities  have  a  high  destructive 
action  on  building  material.  The  use  of  coal  increases  ver>^  much 
the  proportion  of  carbonic  acid  in  the  atmosphere,  and  adds  notable 
amounts  of  sulfurous  and  sulfuric  acids.  These  acids,  caught  by  the 
rain  or  fog,  are  deposited  on  the  surface  of  the  stone  and  produce 
corrosion.  The  solid  particles  of  the  smoke,  partly  carbon,  partly 
the  fine  gritty  material  of  the  ash,  are  blown  against  the  stone  and 
act  with  more  or  less  force  as  abrasive  materials. 

The  carbon  deposit  may  act  as  a  protective,  but  it  is  at  great  sacri- 
fice of  artistic  features.  These  actions  of  furnace  emanations  will  be 
exhibited  unequally  on  account  of  the  location  of  the  offending  plants. 
Thus,  in  Philadelphia,  the  most  serious  smoke-nuisances  are  from  the 
northwest  section:  the  yards  of  the  Pennsylvania  Railroad,  the 
Baldwin  and  Bement  works,  and  that  somewhat  distant  but  hideous 
offender,  the  Midvale  works.  It  will  be  noticed,  therefore,  that  the 
discoloration  of  buildings  in  the  eastern  center  of  the  city  is  on  the 
side  facing  northwest.  The  columns  of  the  Drexel  building  show  this. 
For  a  long  time  the  statue  of  Washington  at  Independence  Hall  showed 
the  left  eye  much  discolored  with  soot,  while  the  right  eye,  probably 
protected  by  the  nose,  was  but  little  stained.  I  had  the  honor  of 
presenting  to  the  Club  about  a  year  ago  a  dissertation  on  Washington, 
and  I  think  it  would  amply  appear  from  the  facts  of  his  life  that  it 
was  not  easy  to  shut  his  eye  up,  but  Philadelphia  seems  to  have  nearly 
done  it.  In  consequence  of  these  injurious  influences,  some  build- 
ing materials  that  last  a  long  while  in  rural  districts  succumb  rapidly 
in  manufacturing  localities. 

Occasionally   specific   chemical    changes   are   produced   by   direct 
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action  of  oxygen  causing  discoloration  and  dilapidation.  A  rock  may 
contain  pyrites,  in  small  amount,  which  may  be  regarded  as  of  little 
moment,  but  when  the  dressed  surface  is  exposed  to  the  air^  the 
pyrites  may  be  converted  into  iron  oxid,  and  this  being  washed  out 
by  the  rain  or  dissolved  by  acids  in  the  air,  will  result  in  pitting  and 
a  stain  of  iron  rust  below  the  point  of  solution. 

Where  the  air  carries  abrasive  materials,  as  near  the  sea,  much 
mechanical  injury  may  be  done.  In  this  manner  some  of  the  Egyp- 
tian obelisks  which  are  uninfluenced  by  the  general  conditions  of 
climate  have  been  badly  scarred  on  the  surfaces  that  face  sand-laden 
winds. 

Resistance  to  Crushing  and  Fracture  are  equally  important. 
The  coefficients  of  these  factors  may  be  affected  by  the  conditions  that 
have  been  mentioned  as  affecting  durability.  They,  as  well  as  the 
general  coefficient  of  durability,  may  be  much  affected  by  the  con- 
dition of  the  rock  in  the  quarry  and  by  the  arrangement  of  the  block 
w^th  reference  to  natural  stratification  lines.  It  is  obvious  that, 
other  things  being  equal,  a  rock  that  has  marked  stratification  planes  is 
likely  to  suffer  most  from  atmospheric  action  if  the  block  is  placed 
so  as  to  expose  the  edges  of  the  planes  to  the  air. 

In  the  construction  of  pavements,  high  power  of  resistance  to  abra- 
sion by  hard  and  heavy  bodies  is  necessary.  Ordinarily,  the  ques- 
tion of  the  corrosive  or  abrasive  action  of  common  dust  or  streams 
of  water  is  not  important,  but  in  the  asphaltic  cement  pavements 
so  common  in  American  cities,  the  nature  of  the  asphalt  will  deter- 
mine the  durability  to  large  degree.  Thus,  the  Trinidad  asphalt 
contains  a  considerable  amount  of  non-bituminous  organic  matter 
which  is  easily  oxidized  and  renders  the  asphaltic  mixture  more  liable 
to  rot  in  gutters  than  the  similar  mixture  made  with  Bermudez  asphalt, 
which  contains  but  little  non-bituminous  matter. 

The  applicability  of  the  different  building  materials  in  general 
use  has  been  determined  by  experience.     Engineers,  as  a  rule,  are 
indifferent  to  the  questions  of  chemical  composition  or  minute  struc- 
ture.    Given  the  conditions  under  which  the  stone  is  to  be  used  the 
selection  is  usually  made  without  hesitation.     This  empiric  method 
appears  in  many  manufacturing  operations,  yet  tho  tpiidenpy  of  in- 
telligent workers  is  to  substitute,  as  far  as  possible ^  scientific  know? 
edge  for  practical  experience.     The  knowledge  that  a  t-crtain  iiiijter 
resists  well  the  action  of  air,  while  another,  possibly  ver>^  mniiliii 
general  appearance,  does  not  resist,  may  be  in  genenil  suffieioni 


4 


330  Leffmann — Microscopic  Structure  of  Building  Stones. 

practical  purposes;  but  to  determine  why  such  difference  exists  is 
an  inquiry  that  cannot  be  avoided.  Such  an  inquiry  must  be  carried 
out  in  several  directions.  Among  the  most  important  of  these  are 
chemical  composition  and  physical  structure.  The  study  of  the  former 
has  been  pursued  for  over  a  century  and  a  large  amount  of  infor- 
mation is  at  hand.  Unfortunately,  as  so  often  happens  in  the  prog- 
ress of  a  science,  many  of  the  earlier  acquired  data  in  mineralogic 
chemistry  must  now  be  rejected  on  account  of  errors  in  analysis. 
Within  the  past  decade,  great  advance  has  been  made  in  the  methods 
of  analysing  minerals.  For  much  of  this  advance  credit  is  due  to 
the  laboratory  of  the  U.  S.  Geologic  Survey,  particularly  to  Hille- 
brand.  It  has  been  shown  that  important  ingredients  have  been 
entirely  overlooked.  Titanium  has  been  included  with  silicon;  some 
of  the  rare  elements  have  been  included  with  calcium  or  aluminum ; 
small  amounts  of  barium  and  strontium  have  been  overlooked. 

The  following  analyses  reported  by  Hillebrand  (Jour.  Amer,  Chem, 
Soc.j  vol.  xvi,  1894,  p.  90)  are  from  the  same  rock,  the  difference  in 
the  constituents  being  due  to  the  improved  methods  adopted  in 
making  the  later  analysis : 

Old  Analysis.  New  Analysis. 

Silicon  dioxitl 54.42  53.70 

Titanium  dioxid 1 .92 

Aluminum  sesquioxid 13.37  11.16 

Chromic  oxid 0.04 

Ferric  oxid 0.61  3.10 

Ferrous  oxid 3.52  1.21 

Manganous  oxid 0.04 

Calcium  oxid 4.38  3.46 

Strontium  oxid 0.19 

Barium  oxid 0.62 

Magnesium  oxid 6.37  6  44 

Potassium  oxid 10.73  11.16 

Sodium  oxid 1.60  1.67 

Lithium  oxid trace  trace 

Carbon  dioxid 1.82  none 

Phosphoric  oxid 1.75 

Sulfur  teroxid 0.06 

Fluorin 0.44 

Chlorin , 0.03 

Water,  below  110°  C 6  80 

above  110°  C 2.76  2.61 

The  figures  do  not  add  to  100,  but  this  is  generally  the  case  in  rock 
analysis.     An  allowance  must  be  made  for  the  oxygen-equivalent  of 
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the  fluorin,  which  will  bring  the  total  closer  to  100.  Hillebrand  says 
that  the  difference  observ^ed  as  regards  the  relative  proportion  of  fer- 
rous and  ferric  oxids  is  probably  due  to  accidental  transposition  of 
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figures  in  the  first  analysis,  as  repeated  tests  have  shown  that  th*^ 
is  richer  in  ferric  than  ferrous  compounds. 

Chemical  analysis,  however  minute  and  accurate,  will  f' 
little  information  on  the  engineering  value  of  rocks.     I  ha 
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lower  end  of  which  is  fitted  with  a  pair  of  powerful  toothed  jaw^s,  which 
close  together  tightly,  forming  a  well  shaped  point  for  penetrating 
the  soil  while  being  driven  down  into  the  ground,  and  capable  of  open- 
ing automatically  to  the  full  diameter  of  the  tube  while  being  pulled 
out,  and  affording  an  unobstructed  passage  for  the  concrete,  which  is 
deposited  into  the  hole  through  the  tube,  simultaneously  with  the 
pulling.  The  point  of  this  driving  form  so  strongly  resembles  the 
head  of  a  giant  saurian  that  it  has  come  to  be  known  as  the  "  alligator'' 
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point,  a  name  which  wiis  suggested  by  the  darkies  who  first  worked 
with  it. 

The  gradual  development  of  the  apparatus  and  the  methods  used 
in  the  Simplex  system  form  an  interesting  study.  The  first  idea 
brought  forth  was  to  drive  a  wooden  form  into  the  ground,  pull  it  out 
and  fill  the  hole  with  concrete.  This  form  was  quickly  superseded 
by  a  form  made  of  steel  which  was  used  quite  extensively  in  actual 
practice. 

The  next  step  in  the  process  of  improvement  was  to  construct  a 
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ture  than  water,  is  also  made  up  of  but  one  grouping.  An  analysis 
of  it  merely  shows  four  elements, — carbon,  hydrogen,  nitrogen,  and 
oxygen.  Flour  consists  of  several  distinct  compounds,  such  as  the 
gluten,  starch  and  mineral  matters.     A  mere  statement  of  the  total 
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amount  of  each  element  (carbon,  hydrogen,  etc.)  in  a  sample  of  flour 
would  be  of  no  practical  use.  The  same  is  true  of  rocks,  except  as 
to  some  of  the  simplest,  such  as  gypsum.  They  are  aggregates  of 
minerals  each  of  which  has  characteristic  properties.     It  is  impos- 
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sible,  however,  in  most  cases,  to  separate  the  minerals  in  such  a 
manner  as  to  submit  each  to  analysis.  Fortunately,  where  chemistry- 
fails  the  microscope  is  available.  Within  a  comparatively  short  time, 
a  new  science  has  been  developed,  usually  termed  Petrolog\\  the 
study  of  rock  fragments,  in  contrast  to  Geolog>%  the  study  of  rock 
masses,  and  Mineralogy,  the  study  of  the  individual  minerals. 

In  the  field  that  I  have  chosen  to  discuss  to-night,  the  relation 
between  laboratory  observation  and  practical  application  is  still 
but  slightly  developed.  I  will  not  be  able  to  present  methods  by 
which  the  problems  of  durability  and  strength  can  be  solved  with- 
out appeal  to  practical  methotls,  but  I  can  indicate  the  general  nature 
of  the  results  that  have  been  obtained  by  careful  and  somewhat 
laborious  study  on  the  part  of  specialists,  and  incidentally  show  .some 
striking  and  interesting  features. 

The  microscope  is  in  some  respects  the  most  valuable  and  the  mot^t 
efficient  instrument  of  human  invention.  Its  history  dates  from 
the  latter  part  of  the  seventeenth  centur}%  but  the  development  of 
its  usefulness  in  many  fields  of  science  is  a  matter  of  less  than  half  a 
century.  It  is  not  opportune  here  to  discuss  the  construction  of  the 
compound  microscope  and  its  accessories,  but  I  think  it  necessar\' 
to  say  in  passing  that  the  popular  notion  that  the  microscope  is  merely 
a  means  of  magnifying  objects  is  an  incomplete  view  of  its  usefulness. 
The  most  recent  advances  in  microscopic  technic  have  not  been  in 
the  way  of  increasing  magnification,  but  in  increasing  definition. 
Lenses  were  made  in  abundance  before  the  first  half  of  the  nineteenth 
century  that  possessed  as  high  magnifying  power  as  those  now  made. 
The  great  modern  advances  in  the  microscope  have  been  in  differen- 
tiation of  the  field,  that  is,  increasing  the  clearness  with  which  the 
different  portions  of  the  field  are  seen  and  in  indicating,  by  acce^?isor>' 
methods,  differences  that  are  not  visible  under  simple  magnification. 
Thus,  in  the  important  departments  of  patholog}^  and  bacteriolog>\ 
mere  magnification  has  not  been  the  basis  of  the  great  developments 
that  have  been  attained.  The  introduction  of  staining  agents  and 
the  improvement  of  culture  methods  have  been  important  aids. 

In  the  study  of  minerals,  these  methods  are  inapplicable  except  that 
some  analog\'  to  staining  is  found  in  the  use  of  corrosive  chemicals 
for  etching  the  surfaces  of  minerals  and  metals.  In  petrology-  the 
application  of  polarized  light  has  been  of  the  highest  advantage.  In- 
deed, much  of  the  information  now  at  hand  would  be  unattainable 
without  it.     Polarized  light  is  a  modified  form  of  common  light  espe- 
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cially  sensitive  to  structural  conditions,  revealing  them  when  ordinary 
methods  of  examination  show  no  peculiarity.  It  is,  among  other 
features,  sensitive  to  molecular  stresses  and  will  show  the  location 
and  extent  of  such  stresses  clearly. 

Recently  a  new  method  of  research  into  structure  has  been  developed. 
It  has  long  been  known  that  ordinary  light  contains  rays  that  are 
not  appreciable  to  the  human  eye,  and  tjiat  these  rays  do  not  pass 
through  some  substances  that  are  transparent  to  the  visible  rays. 
These  peculiar  rays  are  termed  *' ultra-violet. "  They  do  not  pass 
readily  through  glass,  but  freely  through  quartz.  A  German  scien- 
tist has  lately  devised  an  apparatus  for  utilizing  these  ultra-violet 
rays,  using  quartz  lenses  and  prisms,  and,  as  the  rays  are  invisible 
to  the  human  eye,  receiving  the  image  on  a  photographic  plate,  from 
which,  by  the  usual  methods  of  development,  the  visible  image  may 
be  obtained.  This  line  of  research  has  just  begun;  in  time  it  will 
yield  valuable  results.  The  contradiction  of  terms  that  arises  in  con- 
nection with  this  work  is  interesting  and  even  amusing.  The  ultra- 
violet rays  are  invisible,  glass  is  opaque  to  them  and  some  other  sub- 
stances modify  them  similarly  to  the  way  in  which  colored  glasses 
modify  common  light.  It  is  therefore  possible  to  work  with  "invisi- 
ble light,"  using  "opaque  transparencies'*  and  "colorless  colors." 

The  microscopic  structure  of  rocks  is  studied  in  sections  ground 
thin  enough  to  be  transparent.  Very  few  minerals  are  known  that 
cannot  be  thus  prepared.  Some  compounds  of  iron  and  manganese 
are  opaque  in  the  thinnest  attainable  form.  These  often  occur  in 
small  particles  scattered  through  the  rock,  appearing  as  opaque  dots. 
Petrology  is  a  modern  and  undeveloped  science.  The  materials  for 
study  and  classification  are  numerous;  the  workers  are  comparatively 
few,  hence  we  do  not  find  the  development  of  an  old  and  much  studied 
science.  The  classifications  are  provisional.  The  aid  that  the  doc- 
trine of  evolution  has  given  to  botany  and  zotilogy  is  not  available 
in  petrology.  While  there  is  a  limited  relation  of  descent  between 
rocks,  it  is  not  of  the  nature  of  biological  descent,  but  more  analogous 
to  the  pathological  changes  occurring  in  tissues.  In  many  cases, 
rocks  undergo  alterations  in  their  inmost  structure  by  which  chemical 
and  physical  characters  are  much  changed.  Such  processes  are  ex- 
tremely slow  and  are  traced  more  by  their  results  than  by  the  actual 
processes.  Broad  distinctions  are,  however,  eiusily  recognized  in  the 
study  of  the  different  rocks.  It  is  seen  that  many  have  been  produced 
by  the  cooling  of  a  liquid  mass;    that  others  are  the  results  of  sedi- 
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mentation  from  water,  with  no  special  modification  except  moderate 
compacting  by  the  pressure  of  the  upper  layers  on  the  lower.  Other 
rocks  again  are  collections  of  wind-borne  materials  subsequently 
compacted  by  interstitial  cementing  substances.  The  sedimentary 
and  wind-formed  rocks  may  be  subjected  to  great  heat  or  pressure 
by  which  profound  changes,  chemical  and  physical,  will  be  wrought 
in  their  composition,  and  they  will  then  bear  some  relation  to  the 
fused  rocks,  but  will  not  be  identical  with  them.  The  characteristics 
of  the  fused  rocks  will  be  much  modified  by  the  degree  of  fusion  and 
the  rate  and  circumstances  of  cooling.  Imperfect  fusion, — that  is, 
when  some  of  the  constituent  minerals  (proximate  constituents) 
have  not  been  melted,  will  give  rise  to  different  structure  from  that 
which  will  obtain  when  complete  fusion  has  occurred.  The  conditions? 
of  cooling,  whether  slow  or  rapid,  whether  under  great  pressure,  or 
without  appreciable  pressure,  will  make  the  same  materials  exhibit 
different  structures. 

One  of  the  simplest  classifications  is  that  of  Merrill  {Rocks,  Rock- 
Weathering  and  Soils)  into  Igneous ^  Aqueous,  Eolinn  and  Metamor- 
phiCy  corresponding  to  the  definitions  given  above.  Some  writers 
divide  more  minutely.  Thus,  Harker  {Petrology  for  Students)  makes 
three  classes  of  the  igneous  rocks  based  on  the  conditions  of  cooling 
as  demonstrated  by  the  structure,  as  follows:  Plutonic  rocks,  cooled 
under  great  pressure  at  considerable  depths.  Intrusive  rocks,  met  with 
in  the  form  of  dykes  and  masses  of  not  very  large  size,  cooled  slowly 
and  under  moderate  pressure.  Volcanic  rocks  which  have  cooled 
rapidly  under  low  pressure.    The  latter  include  the  lavas. 

All  igneous  rocks  may  by  natural  conditions  be  converted  into 
fragments  and  be  formed  again,  by  the  action  of  water  or  wind,  into 
rocks  of  the  sedimentary  or  eolian  type,  and  these,  by  heat  or 
pressure  or  both,  be  metamorphosed.  As  the  duration  of  geological 
time  is  enormous  in  comparison  with  our  human  standards,  the  vicissi- 
tudes to  which  any  given  mineral  may  be  subjected  will  be  numerous, 
and,  therefore,  many  varieties  of  rocks  will  be  found,  and  rocks  of 
general  similarity  in  different  parts  of  the  world  will  exhibit  consider- 
able differences  when  studied  in  microscopic  detail. 

Among  the  characteristic  features  of  rocks  are  the  nature  and  extent 
of  the  crystallization,  the  nature  of  the  cementing  material,  if  any  is 
present,  the  existence  of  cavities,  and  of  particles  of  difficultly  fusible 
substances,  such  as  iron  oxid  and  manganese  oxid.  When  complete 
fusion  occurs,  the  sul)sequent  cooling  may  result  in  the  cr>*stalliza- 
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tion  of  some  of  the  constituents,  while  others  solidify  as  a  nearly 
structureless  (glassy)  mass.  In  some  cases  more  than  one  crystalliza- 
tion occurs, — that  is,  some  constituents  separate  at  a  later  period. 
It  has  long  been  known,  from  laboratory  experiments,  that  the  size 
and  distinctness  of  crystals  are  directly  proportional  to  the  slowness 
of  their  formation.  Hence,  lavas  show  much  uncrystallized  material 
and  many  minute  crystals,  these  often  being  arranged  in  lines,  indi- 
cating that  after  they  have  been  formed,  the  still  viscous  matrix  has 
flowed  in  a  definite  direction.  The  true  granites,  which  are  igneous 
rocks,  show  no  non-crystalline  matrix.  The  whole  field  of  the  section 
is  occupied  by  crystals  more  or  less  perfectly  formed.  To  such,  the 
scientific  term  ^'holocrystalline"  is  applied. 

The  sedimentaty  and  eolian  rocks  are  made  up  of  fragments  of 
differing  sizes,  and,  if  these  have  not  been  subjected  to  powerful  com- 
pacting influences,  the  rock  will  not  form  a  coherent  mass.  The 
deposit,  therefore,  will  be  a  rock  geologically  but  not  technologically. 
Of  this  type  are  sand  hills,  and  beaches,  infusorial  earths,  gravel 
banks  and  clay  banks.  Sand,  it  must  be  noted,  though  usually  con- 
taining silica  (silicon  dioxid)  as  its  principal  constituent,  often  con- 
tains many  other  minerals,  and,  sometimes,  as  in  the  case  of  coral  sand, 
is  almost  wholly  calcium  carbonate.  By  the  introduction  of  cementing 
material,  loose  fragments  may  be  converted  into  a  compact  and 
cohesive  mass.  The  cementing  material  may  be  either  introduced 
from  without, — that  is,  infiltrated  into  the  stone, — or  it  may  be  de- 
veloped by  changes  in  the  constituent  masses  themselves.  Among 
the  common  cementing  materials  are  clays,  calcium  carbonate  (car- 
bonate of  lime),  iron  oxids  and  bituminous  matters.  Sometimes 
these,  the  cementing  materials,  do  not  entirely  fill  the  interstices  of 
the  stone,  and  the  spaces  may,  at  a  later  period,  be  filled  with  other 
material,  or,  being  impregnated  with  water,  which  is  alternately 
frozen  and  melted,  the  stone  will  be  broken  down.  Cementing  mate- 
rial, such  as  iron  oxid,  that  resists  the  action  of  ordinary  air,  may  be 
dissolved  by  air  charged  with  corrosive  vapors,  and  thus  a  sandstone 
that  serves  excellently  as  a  building  material  in  rural  districts  will 
succumb  rapidly  in  the  air  of  a  large  city,  becoming  stained  super- 
ficially and  crumbling. 

The  harder  stones  generally  included  by  engineers  under  the  name 
'*  granite '^  are  all  mixtures  of  complex  silicates.  Many  forms  are 
recognized  by  petrologists.  It  has,  indeed,  happened  more  than 
once  that  a  stone  which  is  unhesitatingly  designated  by  the  archi- 
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tect  as  a  granite,  is  not  so  called  by  a  petrologist.  Some  years  ago 
a  suit  at  law  grew  out  of  a  difference  of  opinion  on  the  classification 
of  a  building  stone  which  had  been  offered  under  specifications  re- 
quiring granite.  The  stone  offered  by  the  contractor  was  rejected  by 
the  engineer,  not  on  account  of  inferior  quality  but  on  the  technical 
definition.  Much  expert  testimony  was  taken  on  the  subject.  I 
might  enter  here  upon  a  digression  on  the  **the  little  joker'*  which 
often  appears  in  specifications,  and  operates  to  the  prejudice  of  bid- 
ders and  contractors.  Under  such  a  specification  as  "Maine  granite 
or  other  stone  satisfactory  to  the  supervising  architect,"  *'good  clay 
satisfactory  to  the  engineer,"  a  pretty  wide  opportunity  for  favoritism 
is  given.  Some  years  ago  the  paving  specifications  of  Philadelphia 
contained  a  clause  requiring  *' Trinidad  asphalt  or^asphalt  of  equal 
quality, "  and  by  a  ruling  that  no  other  asphalt  is  of  equal  quality  the 
monopoly  of  the  work  was  assured  to  a  certain  company. 

The  selection  of  stone  best  adapted  to  conditions  is  often  a  difficult 
matter,  and  is  not  always  accomplished.  When  great  weight  is  not 
to  be  sustained,  or  severe  atmospheric  action  encountered,  a  lighter 
or  softer  stone  may  be  used  with  economy,  especially  if  much  car\'- 
ing  is  to  be  done;  but  it  must  not  be  overlooked  that  elaborate  car\'- 
ing  will  expose  the  stone  to  more  corrosion  than  when  the  surface 
is  flat,  not  only  because  lodgment  of  acid  waters  is  aided,  but  the 
delicate  projections  are  easily  broken  and  the  incisions  into  the  face 
of  the  stone  expose  the  less  resisting  structures.  Many  rocks  bear 
some  resemblance  to  the  flesh  of  animals.  When  the  stone  is  removed 
from  the  quarry  a  slight  consolidation  or  hardening  of  the  outer  layer 
of  the  block  occurs,  due  partly  to  evaporation,  partly  to  oxidation. 
This  forms  a  protecting  skin,  but  it  is  found  by  experience  that  if 
this  layer  be  broken,  the  exposed  portions  do  not  harden  to  the  same 
extent.  It  must  also  be  borne  in  mind  that  in  many  places,  especially 
near  the  sea,  the  high  parts  of  buildings  are  exposed  to  mechanical 
abrasion.  Merrill  (Stones  for  Building  and  Decoration)  states  that  one 
of  the  most  eminent  of  American  architects  has  built  a  structure  of 
much  artistic  merit  in  which  the  walls  are  finished  in  massive  granite, 
but  window-sills,  caps,  cornices  and  other  decorative  parts,  liable 
to  weathering,  are  of  soft  and  friable  material.  At  Washington, 
the  Executive  Mansion  and  portions  of  the  Patent  Office  and  Capitol 
are  of  a  sandstone  so  poor  in  resistance  to  atmospheric  influences 
that  they  have  to  be  painted  occasionally.  The  Washington  Monu- 
ment on  the  Potomac,  according  to  the  same  authority,  is  built  up- 
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side  down  and  wrong  side  out.  The  most  resistant  stone  is  on  the 
inside  of  the  upper  part.  In  Philadelphia  the  scaling  of  brownstone 
and  serpentine  is  often  noticeable.  I  recall  the  disintegration  of  the 
large  brownstone  bases  of  the  pillars  of  the  Cathedral  at  Logan  Square, 
some  years  ago. 

The  classification  of  rocks  is  based  upon  a  recognition  of  their  pre- 
vailing constituents.  With  a  few  exceptions,  unimportant  here, 
any  mineral  may  occur  in  any  rock.  Some  terms  in  Geology  have 
been  misleading  in  this  relation.  The  names  '*  Carboniferous, "  "  Creta- 
ceous,'' applied  to  periods  of  geological  time,  have  led  many  to  suppose 
that  all  the  coal  was  formed  at  the  one  time  and  all  calcium  carbon- 
ate deposits  at  the  other  time.  As  a  matter  of  fact,  coal  formation 
has  occurred  at  many  periods  and  is  occurring  now.  Natural  graphite 
is  merely  a  very  old  coal.  The  coal  of  the  northwest  United  States, 
which  is  more  nearly  allied  to  wood  than  is  the  coal  of  this  section, 
is  the  result  of  later  actions. 

In  the  microscopic  study  of  building  stones,  much  variety  of  detail 
is  encountered.  Besides  the  dominating  minerals  which  give  the  stone 
its  position  in  classification,  and  determine,  mainly,  its  engineering 
value,  accessory  minerals  are  found  which  often  affect  the  decorative 
value  and  durability,  increasing  or  diminishing  these.  Among  these 
accessory  materials,  which  generally  occur  in  small  scattered  crystal- 
line masses,  are  to  be  noted:  pyrites  (iron  sulfid);  magnetite  and 
hematite  (iron  oxid);  chromite  (iron-chromium  oxid);  menaccanite 
(iron  titanate);  apatite  (calcium  phosphate).  These  materials  may, 
however,  of  themselves  form  rock  masses,  and  such  deposits  occur  in 
many  parts  of  the  world. 

An  interesting  feature,  that  can  here  be  merely  given  passing  allu- 
sion, is  that  of  inclosures  in  minerals.  Minute  cavities  occur  which 
may  contain  solids  or  liquids  entirely  different  in  composition  from 
the  mineral  itself.  Quartz  shows  this  feature  often.  The  liquid  is 
sometimes  water,  sometimes  carbon  dioxid  liquefied  by  the  pressure. 
Cr>'stals  are  sometimes  found  in  the  cavities.  In  other  cases  a  special 
crystallization  is  developed  within  the  mineral,  the  crystals  being 
in  direct  contact  with,  and  penetrating,  the  substance  of  the  host. 
Cases  are  often  noted  in  which  some  of  the  less  fusible  minerals,  such 
as  pyrites  and  magnetite,  resting  in  a  viscous  stream  of  rock,  have 
checked  and  diverted  the  current,  giving  rise  to  deformation.  This 
effect  may  be  produced  without  fusion,  when  the  rock  is  subjected 
to  great  pressure,  by   which  it  flows  without  liquefying,  as  does  a 
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glacier.  The  deformation  produced  by  the  more  resistant  particles 
may  result  in  the  formation  of  cavities  which  are  after  filled  with 
other  minerals,  such  as  quartz  or  calcium  carbonate. 

The  minerals  contained  in  rocks  are  often  classified  as  primar>'  and 
secondary.  The  former  term  includes  those  that  were  originally 
in  the  rock,  the  latter  the  products  of  alterations.  As  stated 
earlier  in  the  paper,  these  alterations  may  take  place  while  the  rock 
is  in  a  mass  and  be  independent  of  artificial  conditions  or  weather- 
ing. The  individual  minerals  that  occur  in  rocks  are  numerous,  and 
it  would  lead  much  top  far  afield  to  name  all  of  them.  I  can  only 
speak  of  the  more  important  and  even  of  these  but  briefly.  The 
chemical  composition  of  most  of  these  is  complex.  Silicon  is  to  the 
mineral  world  what  carbon  is  to  the  organic,  hence  many  forms  of 
silicates  are  found.  The  question  is  still  further  complicated  by  the 
fact  that  several  elements— such  as  iron,  aluminum,  calcium,  magne- 
sium, sodium,  and  potassium — can  replace  each  other  partially  or 
wholly,  thus  giving  rise  to  intermediate  compounds  the  classification 
of  which  is  difficult. 

Among  the  important  primary  materials  are  quartz,  feldspars,  horn- 
blendes, pyroxenes  and  micas. 

Quartz  is  silicon  dioxid,  SiOj,*  the  others  are  silicates. 

Feldspars  are  aluminum  silicates  associated  with  potassium,  sodium, 
or  calcium  silicates.  The  most  important  is  orthoclase,  potassium 
aluminum  silicate,  by  the  decomposition  of  which  the  purer  forms  of 
clay  are  produced,  and  from  which  the  potassium  compounds  so 
necessary  for  land  plants  are  obtained. 

Hornblendes  are  principally  calcium  and  magnesium  silicates, 
with  more  or  less  iron.  One  division,  to  which  hornblende  proper 
belongs,  contains  notable  amounts  of  aluminum  and  iron. 

Pyroxenes  are  iron-magnesium  silicates,  with  some  aluminum  and 
calcium  silicates.  They  are,  therefore,  similar  in  composition  to 
hornblendes,  but  are  distinguished  by  physical  characters,  especially 
crystallization,  as  indicated  in  thin  sections. 

Micas  are  similar  in  chemical  composition  to  the  feldspars,  but, 
as  is  well  known,  are  characterized  by  the  easy  cleavage  in  one  direction. 
The  colorless  micas  are  principally  potassium  aluminum  silicate. 
The  black  mica  contains  iron,  aluminum  and  magnesium  silicates. 

With  these  general  explanations,  it  will  be  possible  to  take  up  some 
specific  definitions,  according  to  petrologists.  I  follow  those  of  Harker 
(Petrology  for  Students)  ^  but  each  author  has  his  own  classification 


Leffmann — Microscopic  Structure  of  Building  Stones.         341 

in  a  measure,  and  all  the  suggestions  are  provisional.  It  will  be  noted 
that  the  ultimate  chemical  composition  is  not  regarded. 

Granite  is  of  igneous  origin,  containing  quartz,  feldspar  and  some 
iron  magnesian  silicate.  All  the  ingredients  are  distinctly  crystallized. 
Accessory  minerals  are  often  present,  and  the  quartz  is  apt  to  contain 
liquid  inclusions. 

Syenite  is  of  igneous  origin  and  consists  of  feldspars  and  iron  mag- 
nesian siHcate,  with  little  or  no  quartz. 

Diorite  is  igneous  and  contains  hornblende  and  feldspar. 

Basalt  is  a  lava  in  which  feldspars  are  abundant. 

Marble  and  limestone  are  sedimentary  rocks,  principally  calcium  car- 
bonate. The  colors  are  due  to  accessor}^  materials.  The  dark  lime- 
stones contain  carbon  particles,  the  brown  contain  iron  carbonate. 

Dolomite  is  a  combination  of  calcium  carbonate  and  magnesium 
carbonate.  It  is  somewhat  more  resistant  to  the  action  of  acids 
than  ordinary  limestone  and  marble. 

Sandstone  is  composed  of  quartz  grains,  cemented  by  infiltration  of 
silica,  iron  oxid,  calcium  carbonate  or  bituminous  matter.  The  sand- 
stones infiltrated  with  silica  are  the  most  resisting. 

Serpentine  is  a  hydrated  magnesium  silicate,  but  is  rarely  found 
pure.  Among  the  accessory  materials  are  iron  oxid,  pyrites,  and 
calcium  carbonate,  these  greatly  affect  its  durability. 

Gypsum  is  hydrated  calcium  sulfate.  It  is  too  soft  for  ordinary 
building  purposes,  but  is  useful  for  indoor  decoration.  The  finer 
quality  is  alabaster. 

Of  the  commonly  used  artificial  stones,  slag  is  analogous  to  the 
volcanic  rocks;  cement  to  the  sedimentary;  brick  and  terra  cotta 
to  the  metamorphic.  The  strength  of  any  rock,  particularly  its  resist- 
ance to  abrasion  and  impact,  will  be  largely  dependent  on  the  slow- 
ness with  which  it  has  been  formed.  Rapid  formation  produces 
weak  structure;  rapid  cooling  prevents  proper  annealing,  producing 
brittleness.  This  is  well  illustrated  in  the  making  of  glassware.  If 
the  mass  is  cooled  quickly  it  becomes  useless.  Prince  Rupert's  drops 
and  the  Bologna  flasks  are  well-known  illustrations.  Ordinary  glass- 
ware is  allowed  to  cool  very  slowly  in  order  to  give  it  toughness  and 
resistance  to  abrasion.  The  same  is  true  of  cement  in  comparison 
with  a  sandstone  or  other  sedimentary  rock.  The  natural  rock  may 
have  taken  hundreds  of  years  in  its  formation;  the  cement  has  not 
taken  that  many  hours.  Hence  the  natural  material  may  be  expected 
to  show  a  tougher  structure. 
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I  desire  to  express  thanks  to  Messrs.  F.  J.  Keeley  and  W.  Baldwin 
Davis  for  loan  of  slides  for  illustrating  the  paper. 

DISCUSSION. 

A.  E.  Lehman. — How  were  these  slides,  especially  the  slides  of  igneous  rock, 
prepared  in  relation  to  the  ground? 

Henry  Leffmann. — I  do  not  think  they  represent  any  particular  choice  in 
that  respect;  the  making  of  a  specimen  depends  a  little  Uf>on  chance.  The  oper- 
ator strikes  the  stone  and  when  he  gets  a  chip  which  is  sufficiently  large  and  flat 
to  encourage  him  to  grind  it,  he  does  it. 

Mr.  Lehman. — Are  the  sections  all  of  the  same  thickness? 

Dr.  Leffmann. — No.  The  grinding  is  carried  only  as  far  as  necessary.  WTien 
the  rock  is  crystalline,  the  grinding  need  not  be  carried  to  so  thin  a  section.  Rocks 
having  more  or  less  opaque  materials  in  their  composition  require  close  grindini;, 

Mr.  Lehman. — Have  you  measured  it  at  any  time — the  minimimi  thickness 
of  the  materials? 

Dr.  Leffmann. — No;  I  could  not  give  the  figure.  It  is  done  largely  by  judg- 
ing the  appearance  of  the  rock.  It  is  cut  thin  enough  to  destroy  any  effect  of 
color  in  the  rock  itself.  When  the  rock  is  to  be  examined  under  polarized  light, 
the  section  is  often  cut  especially  thin.  The  operator  stops  as  soon  as  possible, 
because  it  is  a  tedious  process;  the  section  is  not  cut  any  thinner  than  necessary. 
The  thinner  the  section,  the  more  difficult  it  is  to  handle  it. 

Walter  Loring  Webb. — Are  the  specimens  soaked  in  any  material  analo- 
gous to  paraffin? 

Dr.  Leffmann. — No;  simply  fastened  on  a  piece  of  glass  and  ground. 

Mr.  Lehman. — Is  not  Canada  balsam  used? 

Dr.  Leffmann. — Yes,  as  a  fastening  material.  Sometimes  special  studies  on 
rocks  are  made  by  etching  with  hydrofluoric  acid,  but  that  is  not  taken  up  in 
this  paper;  it  is  another  phase  of  the  subject. 

The  President. — Would  you  say  that,  having  a  knowledge  of  the  micro- 
scopic structure  of  building  stones  that  had  weathered  well,  a  similar  microscopic 
analysis  of  other  stones  would  indicate  similar  weathering  qualities,  or  would  a 
chemical  analysis  have  to  be  taken  in  conjunction  with  the  microscopic? 

Dr.  Leffmann. — It  would  be  necessary  to  refer  back,  of  course,  in  a  com- 
bination of  any  system  of  this  kind,  to  a  stone  of  known  durability,  and  determine 
its  characteristics,  and  then  make  them  in  a  measure  standard.  There  are, 
however,  specific  conditions  in  these  stones  that  ser\'e  to  determine  their  un- 
t  rust  worthiness.  Stone  containing  a  notable  amount  of  pyrites,  for  example, 
would  be  disapprov'ed.  To  establish  this  as  an  engineering  question  it  would  be 
necessary  to  start  \inth  well-kno\aTi  classes  of  stone  that  have  the  necessary 
durability  and  other  qualities,  to  ascertain  their  characteristics  thoroughly,  and 
then  endeavor  to  approximate  to  these  in  other  stones. 

In  its  geological  relations,  this  question  is  much  more  thoroughly  developed, 
but  it  will  have,  I  think,  engineering  relations  in  time. 

M.  R.  Pugh. — I  think  that  some  years  ago  there  was  some  investigation  made 
in  regard  to  the  depth  of  weathering,  due  to  the  atmospheric  corrosion,  and  of 
gas,  etc.,  on  specimens  of  stone.     I  am  not  sure  where,  but  of  certain  buildings 
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and  monuments  of  known  age.  I  wish  to  inquire  whether  there  is  any  investi- 
gation as  to  depth  of  weathering,  or  microscopic  investigation  of  the  chemical 
changes,  or  physical  changes  due  to  these  chemical  changes  that  occurred  in  that 
way  which  would  give  any  guide  to  a  more  thorough  understanding  of  the 
weathering  of  rock  masses. 

Dr.  Leffmann. — I  think  that  information  is  obtainable  to  a  large  extent  in 
the  recent  work  of  Merrill  on  "Rocks,  Rock  Weathering  and  Soils," — a  large 
volume,  issued  a  couple  of  years  ago.  It  is  an  American  publication  which  goes 
into  the  subject  very  thoroughly.  It  has  a  series  of  chapters  on  rock  strata  and 
the  nature  of  rock  masses  and  contains  many  illustrations  and  descriptions  of 
rock  weathering  and  numerous  microscopic  and  macroscopic  examinations  are 
given.  The  general  questions  in  regard  to  the  conditions  of  weathering  are  now 
largely  understood.  The  principal  work,  or  rather  the  first  work,  in  the  studying 
of  rocks  was  by  an  Englishman  (Sorby),  about  1850;  but,  as  has  happened  with 
several  things  England  has  started,  it  has  been  left  to  Germans  to  develop.  The 
first  coal-tar  color  was  made  in  England,  but  the  English  did  not  see  the  advan- 
tages and  left  it  to  Germany  to  control  the  industry;  likewise  an  Englishman 
made  the  first  step  ^in  the  study  of  rock  structure,  but  it  is  mostly  to  Germany 
that  we  owe  the  development  of  the  subject.  The  practical  aspect  of  the 
question  has  been  treated  pretty  thoroughly  by  Americans. 

James  Christie. — The  accumulated  experience  of  centuries  indicates  the 
probability  of  the  behavior  of  various  stones.  Locality  and  climate  are  impor- 
tant considerations.  The  syenite  that  endured  for  centuries  in  the  dry  climate 
of  Egypt,  suffered  rapidly  in  the  example  of  the  obelisk  in  Central  Park,  New 
York.  Many  instances  are  recorded  where  stone  that  gives  good  service  in  the 
coimtry  has  failed  in  the  atmosphere  of  large  cities.  Old  buildings  that  sur- 
vived under  the  conditions  of  past  time  are  yielding  to  the  influences  of  the 
smoky  atmosphere  of  recent  years.  The  staining  of  stone  surfaces,  so  evident 
in  some  structures  recently  erected, — and  probably  arising  from  the  decom- 
position of  metallic  particles  in  the  stone, — is  more  apparent  in  the  city  than  in 
the  country,  and  in  one  section  than  in  another. 

Many  methods  have  been  proposed  and  applied  for  predetermining  the 
utility  of  stones  by  accelerated  chemical  tests;  also  numerous  methods  of  treat- 
ing the  surface  of  stone  in  buildings,  for  water-proofing  and  preservative  pur- 
poses. The  appearance  of  stone  as  taken  from  the  quarry  is  sometimes  deceptive. 
Some  of  the  mica-schist ,  abundant  in  the  northern  suburbs  of  this  city,  is  quite 
soft  and  friable  when  freshly  quarried,  but  hardens  and  endures  satisfactorily 
afterwards.  It  is  found  in  good  condition  in  old  buildings  that  survived  the 
past  century.  On  the  contrary,  some  of  the  shaly  limestones  that  present  a 
good  appearance  at  the  quarry  weather  badly  subsequently.  An  example  of 
this  was  the  stone  towers  of  the  original  Suspension  Bridge  at  Niagara,  which 
decayed  and  were  considered  so  unsafe  as  to  justify  their  removal.  Doubtless 
there  is  much  to  be  learned  on  the  subject  by  study  of  the  micro-structure  on  the 
lines  illustrated  in  the  discourse  of  Dr.  Leffmann. 

Henry  H.  Qui m by. — We  have  in  the  same  quarry  different  grades  of  stone, 

apparently  of  the  same  composition,  but  differing  slightly  in  color  and  very  much 

in  strength.     We  may  have  at  the  bottom  of  the  quarry  a  stone  which  is  very 

hard  and  at  the  top  of  the  quarry  a  stone  which  splits  up  very  easily.     Now,  will 
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the  microscope  enable  us  to  determine  whether  the  stone  which  is  offered  for  use 
will  be  durable  or  not;  that  is,  from  the  upper  layer  or  lower  layer?  That  would 
be  a  practical  application  of  the  science  in  examining  stones  under  the  microscope. 

Dr.  Leffmann. — I  think  that  after  proper  preliminary  study  these  problems 
could  be  solved  by  the  microscope  assisted  by  the  other  resources  of  petrology. 

Wm.  Copeland  Furber. — What  was  the  result  of  that  law  case  in  which  the 
specification  called  for  granite  and  another  stone  was  offered? 

Dr.  Leffmann. — The  stone  was  rejected.  The  parties  who  objected  to  that 
being  considered  granite  gained  their  case.  Several  experts  were  called  on  each 
side,  but  the  weight  of  the  evidence  was  that  it  was  not  a  granite  within  the  mean- 
ing of  the  term,  and  the  contractor  was  required  to  furnish  other  stone. 

If  it  be  in  order  to  make  a  few  remarks,  I  would  say  that  I  hoped  that  Mr. 
Schumann  would  be  here  this  evening.  He  had  mentioned  to  me  an  instance 
which  was  interesting  in  this  connection.  A  sandstone  in  Ohio  which  has  a  pretty 
appearance  and  is  suitable  for  building  work  is  subject  to  the  objection  that  it  is 
impregnated  with  a  small  amount  of  petroleum,  which  of  itself  is  not  visible,  but 
gives  the  stone  a  greasiness  which  attracts  dirt.  These  oily  places  become  dirty, 
and  the  stone  becomes  spotted.  This  is  a  point  that  could  be  determined  by 
even  a  chemical  examination  and  shows  one  difficulty  from  an  artistic  point  of 
view  that  might  often  escape  notice. 

E.  G.  Perrot. — What  classification  do  the  blue  and  black  stones  come  under? 

Dr.  Leffmann. — They  are  limestones,  depending  upon  the  amount  of  foreign 
matter  in  them. 

Mr.  Furber. — What  proportion  of  carbonate  of  lime  does  the  Conshohocken 
stone  contain?  * 

Dr.  Leffmann. — I  do  not  know;  but  the  section  shows  a  considerable  amount. 
It  could  not  be  used  to  make  quicklime,  on  account  of  the  quantity  of  silica,  which 
would  make  a  silicate  and  prevent  the  lime  from  slaking. 

COMMUNICATED  DISCUSSION. 

William  Copeland  Furber. — There  are  several  points  in  Dr.  Leffmann's 
paper  which  will  bear  discussion.  One  point  particularly,  regarding  his  reference 
to  the  practice  of  sometimes  not  being  too  definite  in  the  matter  of  names  in  a 
si>ecification  for  stone. 

There  are  two  courses  open  to  the  architect  and  engineer  in  specifying  build- 
ing stones — one  is  to  specify  certain  quarries  or  products  of  certain  localities,  the 
qualities  of  which  he  knows,  which  course  is  apt  to  raise  the  price  of  the  stone  by 
excluding  other  bidders  and  keep  his  client  from  the  use  of  similar  stone,  as  it  is 
also  likely  to  bring  him  the  criticism  of  the  excluded  bidders.  The  other  course 
is  to  specify  generally  what  he  wants,  such  as  the  specification  referred  to  by  Dr. 
Leffmann,  for  instance,  * 'Maine  granite,"  which  instead  of  working  an  injustice 
to  the  bidders  gives  a  distinct  advantage  of  a  wide  range  of  choice  to  his  client 
and  permits  the  offering  of  a  stone  with  which  the  architect  or  engineer  may  not 
be  particularly  familiar,  but  which  may  be  in  every  way  suitable. 

The  designer  of  a  structure  is,  or  should  be  selected  for  his  knowledge,  judgment 
and  integrity.  Much  is  properly  left  to  his  judgment,  and  if  he  serves  his  client 
faithfully  there  will  be  little  harm  come  to  any  one.  The  average  run  of  contract- 
ors are  not  likely  to  suffer  because  some  leeway  is  given  the  architect  in  accepting 
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or  rejecting  materials.  It  is  entirely  justifiable,  therefore,  in  writing  the  speci- 
fications for  certain  materials  which  are  not  made  to  order,  to  be  not  too  specific. 

Another  matter  which  has  been  referred  to  here  was  the  trimming  of  a  granite 
building  with  a  softer  stone.  I  do  not  know  the  facts  in  the  instance  cited,  but  it 
is  not  an  unusual  thing  when  building  with  a  hard  stone  to  use  a  softer  stone  for 
the  finished  or  dressed  surfaces  and  cari'ings,  because  of  the  ease  of  dressing  and 
often  because  of  the  economy.  Some  of  the  harder  stones  cannot  be  satis- 
factorily dressed  and  do  not  lend  themselves  to  ornamental  treatment  of  any 
kind.  The  cost  of  dressing  stone  has  very  frequently  a  great  deal  to  do  with  its 
selection.  Some  stones  work  easily  under  the  tool  and  others  are  worked  only 
with  great  difficulty.  This  fact  is  recognized  in  \he  division  of  the  stonecutter's 
trade  into  "hardstone"  cutters  and  "softstone"  cutters. 

The  hard  stones  that  reach  this  market  are  the  granites  and  blue  stones.  The 
soft  stones  are  the  limestones,  the  marbles,  and  the  sandstones.  The  principal 
soft  stones  used  here  in  Philadelphia  are  the  Indiana  oolitic  limestone,  which  can 
be  easily  dressed  and  resists  the  weather,  and  the  marbles  from  New  England  and 
Georgia,  which  are  also  easily  worked.  The  Pennsylvania  blue  marble  is  a  good 
stone,  but  its  color  is  against  it.  Some  of  the  brownstones  which  are  used  here 
are  very  soft  and  rapidly  disintegrate;  numerous  examples  can  be  found  in  this 
city  of  the  destruction  of  brownstone.  The  lower  stories  of  the  Bourse  were 
trimmed  with  a  soft  brownstone,  which,  owing  to  its  rapid  disintegration,  had  to 
be  treated  externally  with  paraffin.  The  brownstone  trimmings  in  the  B.  and 
O.  R.  R.  station  are  rapidly  weathering  away.  This  is  due,  I  presume,  to  the 
further  oxidation  of  the  oxid  of  iron  which  gives  the  stone  its  color. 

From  an  architectural  and  esthetic  point  of  view,  the  building  stones  are 
valued  for  their  color,  or  lack  of  it,  their  texture,  their  durability  and  strength, 
and  for  the  facility  with  which  they  can  be  dressed. 

As  Dr.  Leffmann  says,  there  has  been  but  little  effort  made  thus  far  to  judge 
building  stones  by  any  other  test  than  that  of  experience,  yet  I  fear  that  until 
the  mechanical  and  chemical  structure  of  rock  and  the  inter-relation  of  these 
structures  is  more  fully  understood  than  it  is  to-day  our  chief  reliance  will  be  on 
experience.  The  augmented  freezing  test  which  has  been  applied  to  specimen 
rocks  has  not -proved  conclusive  or  altogether  satisfactory,  and  owing  to  the 
local  variations  of  stone  in  the  same  quarry,  it  is  doubtful  if  the  experience  test 
will  ever  be  superseded  for  practical  uses.  Nevertheless  every  encouragement 
should  be  given  to  scientific  inquiry,  so  that,  as  Dr.  Leffmann  suggests,  our 
real  knowledge  may  be  extended  and  our  reliance  on  experience  be  rendered  less 
necessary. 

Stones  both  natural  and  artificial  sometimes  exhibit  curious  changes  of  form. 
I  have  seen  a  piece  of  marble  slab,  one  inch  in  thickness,  exposed  on  the  exterior 
surface  of  a  building,  warp  like  a  wooden  board.  I  have  also  noticed  that  Port- 
land cement  pavements  sometimes  warp  with  raised  edges,  just  as  a  piece  of 
wood  might  warp.  I  have  never  heard  any  satisfactory  explanation  of  these 
changes  of  form  of  non-fibrous  rigid  materials. 

I  append  a  table  giving  some  comparative  costs  of  dressing  granite,  limestone, 
and  marble,  and  the  cost  of  such  stone  set  in  the  walls  of  a  building. 

Ordinary  New  England  granite,  such  as  used  in  buildings,  costs  about  80  cents 
per  cubic  foot  in  the  rough  delivered  in  Philadelphia,  and  prices  range  from  this 
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to  $3.00  a  cubic  foot  for  the  finer  grades  of  monumental  stone.     The  cost  of  dress- 
ing granite  per  square  foot  is  about  as  follows: 
For  plain  surfaces — 

10  cut  work  (10  cuts  to  the  inch), $1.00  to  $1.50 

8  cut  work  (  8  cuts  to  the  inch), 60  to       .80 

6  cut  work  (  6  cuts  to  the  inch), 60 

Machine  dressing  saves  about  12  J  per  cent,  over  hand  work. 
The  cost  of  soft  stones  is  as  follows : 

Indiana  or  similar  limestone, 80  cts.  per  cubic  foot  in  the 

rough  delivered  in  Phila- 
delphia. 

Dressing  and  tooling, 25  cts.  per  square  foot. 

Bedding  and  joint  facing, 15  cts.  per  square  foot. 

Blue  stone  costs  about  the  same  for  the  rough  stock,  but  the  cost  of  4re8^ng 
is  about  50  per  cent.  more. 

Marble  of  the  cheapest  grades,  such  as  used  for  building  con- 
struction, costs  per  cubic  foot  for  4-inch,  6-inch, or  8-inch 

sawed  ashlar,  about $1.25 

The  freight  from  New  England  is  about 30 

The  cost  per  cubic  foot  delivered  in  Philadelphia  is  therefore 

about $1.55 

Second-grade  white  veined  marble  such  as  that  in  the  new  ad- 
dition to  the  Fidelity  Trust  Co.'s  Building  on  Chestnut 

Street  below  Fourth,  costs  per  cubic  foot  about $1.75 

Freight, 30 

Tooling  the  surface  (5  or  6  cut  work)  per  square  foot, 20 

Pointing,  setting,  and  hauling, 50 

Incidental  charges,  including  moulded  work  incidental  to  a 

large  building,  office  charges,  and  profit, 75 

Making  the  cost  of  such  stone  set  in  place  average  for  the  com- 
pleted w^ork  per  cubic  foot  about,   $3.50 

The  finished  cost  of  stone  in  large  quantities  set  in  a  building  is  about  as  follows : 

Granite,   $3.50  per  cubic  foot. 

Marble, $3.50    "      *' 

Limestone, $2.50    "      " 

Brownstone,    $3.00    "      " 

Bluestone,    $3.50    "      " 
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Paper  No.  1013.  i 

THE  SIMPLEX  SYSTEiM  OF  CONCRETE  PILING.^^ 

CONSTANTINE    SHUMAN. 
Jiead  June  3,  1905. 

Within  the  last  three  years  has  been  developed  a  method  for  con- 
structing foundations  known  as  the  Simplex  system  of  concrete  piling, 
which  has  proven  itself  so  thoroughly  reliable  and  economical  that  it 
must  be  recognized  among  the  standard  methods  of  foundation  con- 
struction, and  hence  is  well  worthy  of  careful  consideration.  First 
adopted  by  Captain  Sewell,  Corps  of  Engineers,  U.  S.  A.,  for  some 
extensive  and  difficult  foundation  w^ork  at  the  Washington  Barracks, 
this  system  has  rapidly  spread,  until  now  it  is  being  used  in  all  parts 
of  the  country  and  forms  the  foundation  of  many  large  and  heavy 
structures,  as  well  as  light  ones,  in  all  parts  of  the  United  States. 

The  use  of  piles  can  be  traced  back  to  times  before  history  began, 
as  the  lake  dwellers  of  Europe  are  known  to  have  constructed  their 
dwellings  sometimes  on  piles,  and  sometimes  on  foundations  kept  in 
place  by  piles. 

Many  years  ago  the  idea  of  building  up  a  pile  of  some  other  material 
more  durable  than  wood  suggested  itself  to  engineers,  who  adopted 
the  method  of  driving  a  w^ooden  pile,  or  some  other  form,  down  into 
the  ground,  withdrawing  same  and  filling  the  hole  with  moist  sand 
well  rammed  into  place,  thus  highly  compressing  the  total  mass  of 
the  ground  and  forming  a  very  solid  foundation  of  what  is  generally 
known  as  sand  piles.  This  might  be  considered  as  being  the  first  inter- 
mediate step  between  wooden  piles  and  concrete  piles. 

The  continued  demand  for  some  «^rmanent  form  of  pile  w^hich 
could  defy  the  action  of  air  and  water  as  well  as  other  enemies,  soon 
brought  many  minds  to  bear  on  this  subject.  Some  thirty  years  ago 
a  patent  was  taken  out  in  the  United  States  for  a  method  of  producing 
a  cement  or  concrete  pile  which  consisted  in  driving  a  solid  steel  tapered 
form  in  the  ground,  withdrawing  this  and  then  filling  the  hole  with  con- 
crete. This,  as  far  as  is  known,  was  not  commercially  worked  how- 
ever, and  would  be  impracticable  in  most  ground,  due  to  the  tendency 
of  the  ground  to  collapse  before  the  concrete  could  be  put  in.     At 
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J  or  17  tons  for  side  friction.  The  end  bearing  by  formula  gives  20 
tons.    Total  37  tons. 

The  cost  of  concrete  piling  is  low  enough  to  permit  competition 
with  wood  in  a  great  many  instances  where  permanence  is  not  a  feature. 
The  great  diameter  of  the  pile  and  its  better  hold  on  the  earth  permits 
a  loading  twice  as  great  as  the  wood,  so  that  ordinarily  only  half  the 
number  of  concrete  piles  are  required. 

A  gang  to  handle  one  driver  consists  of  a  foreman,  an  engineer, 
two  winch  head  men  and  three  riggers;  and  cooperating  with  them 
and  under  orders  of  the  foreman,  is  a  concrete  mixing  gang  of  six 
mixers,  one  of  whom  is  a  man  of  judgment  and  who  is  given  charge 
and  held  responsible  for  the  proper  mixing  of  the  concrete,  and  for  its 
prompt  delivery  into  the  buckets.  The  cost  of  labor  an(f  apparatus 
per  day  for  one  gang  will  run  from  $40  to  $50.  Under  ordinary  con- 
ditions they  will  plant  from  400  to  500  lineal  feet  per  day.  At  Pitts- 
burg one  outfit  working  on  piles  30  feet  long  succeeded  in  planting 
31  piles  in  one  day  of  ten  hours;  this  amounts  to  930  lineal  feet. 

The  concrete  may  be  mixed  in  accordance  with  any  specifications. 
The  usual  practice  is,  one  part  of  first-class  Portland  cement,  2 J  parts 
of  coarse  sharp  sand  and  5  parts  of  gravel  or  broken  stone.  This 
is  a  mixture,  not  too  expensive,  and  yet  amply  strong  enough  to 
develop  the  full  supporting  power  of  the  pile. 

The  system  is  controlled  by  The  Simplex  Concrete  Piling  Co.  of 
Philadelphia,  who  have  developed  it  from  its  infancy  and  designed 
all  the  apparatus,  and  though  they  do  not  contract  for  the  work,  they 
exercise  supervision  over  it  in  order  that  no  failures  may  occur  due 
to  lack  of  experience  in  the  handling.  All  the  work  is  executed  by 
experienced  contractors  who  have  been  given  the  license  to  use  the 
system  within  a  certain  territory  surrounding  their  central  oflice. 

COMMUNICATED  DISCUSSION. 

Percy  H.  Wilson. — Tlie  pa[)er  thoroughly  acconls  witli  my  views  regarding 
tlie  advantages  of  concrete  piles  over  wood  piles  or  concrete  pier  construction. 

The  uncertainty  as  to  what  is  liappening  at  the  bottom  of  the  pipe  during  the 
placing  of  the  concrete  must  impress  ev^ery  engineer.  In  driving,  the  alligator 
jaws  have  compressed  tlie  earth  directly  under  them  to  such  an  extent  that  the 
amount  of  pressure  possible  to  bring  from  the  inside  will  not  open  them  unless  the 
pi|>e  is  raised.  They  therefore  open  while  raising  the  pipe,  and  the  concrete  at  the 
bottom  of  the  pile  assumes  ver\'  closely  the  shape  of  the  alligator  jaws. 

If  the  pile  is  driven  through  soft  material,  mud  or  quicksand,  for  instance, 
the  exterior  pressure  brought  to  bear  by  this  material  against  the  alligator  jaws 
must  be  greater  than  tliat  interior  pressure  brought  by  the  concrete  and  rammer 
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This  system  requires  the  preparation  in  advance  of  a  great  many 
piles,  as  they  could  hardly  be  driven  in  less  than  thirty  days'  set,  and 
the  shipping  and  handling  of  all  the  piles  necessary  on  a  piece  of  work. 
Besides  Hennebique's  pile  there  are  several  other  forms  of  reinforced 
molded  piles  which  are  allowed  to  set  hard  and  then  driven. 

The  next  form  of  concrete  pile  was  produced  by  Raymond,  who 
makes  use  of  a  collapsible  tapered  steel  driving  form,  around  which 
is  tightly  fitted  a  thin  sheet-iron  shell.    The  combined  form  and  shell 


Fig.  2. 


are  driven  into  the  ground  to  the  required  depth,  the  form  is  collapsed 
and  lifted  out,  leaving  the  shell  in  the  ground,  the  interior  of  which 
is  then  filled  with  concrete  and  rammed.  The  resulting  pile  consists 
of  an  iron  shell  surrounding  a  concrete  core.  The  shell  in  time  rusts 
away. 

The  Simplex  system  of  concrete  piling,  which  forms  the  subject- 
matter  of  this  paper,  was  the  next  in  the  field.  In  this  system  is  used 
a  driving  form  composed  of  a  strong  steel  tube  of  large  diameter,  the 


350 


Shuman — Simplex  System  of  Concrete  Piling. 


lower  end  of  which  is  fitted  with  a  pair  of  powerful  toothed  jaws,  which 
close  together  tightly,  forming  a  well  shaped  point  for  penetrating 
the  soil  while  being  driven  down  into  the  ground,  and  capable  of  open- 
ing automatically  to  the  full  diameter  of  the  tube  while  being  pulled 
out,  and  affording  an  unobstructed  passage  for  the  concrete,  which  is 
deposited  into  the  hole  through  the  tube,  simultaneously  with  the 
pulling.  The  point  of  this  driving  form  so  strongly  resembles  the 
head  of  a  giant  saurian  that  it  has  come  to  be  known  as  the  **  alligator'' 
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Fig.  3. 


point,  a  name  which  was  suggested  by  the  darkies  who  first  worked 
with  it. 

The  gradual  development  of  the  apparatus  and  the  methods  used 
in  the  Simplex  system  form  an  interesting  study.  The  first  idea 
l)rought  forth  was  to  drive  a  wooden  form  into  the  ground,  pull  it  out 
and  fill  the  hole  with  concrete.  This  form  was  quickly  superseded 
by  a  form  made  of  steel  which  was  used  quite  extensively  in  actual 
practice. 

The  next  step  in  the  process  of  improvement  was  to  construct  a 
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driving  form  consisting  of  a  heavy  steel  tube,  into  the  lower  end  of 
which  was  fitted  a  reinforced  concrete  point,  which  had  been  previ- 
ously molded  and  allowed  to  set  hard,  the  point  being  provided  with  a 
shoulder  on  which  the  tube  could  bear.  This  concrete  point  with  the 
tube  on  top,  w^ould  then  be  driven  down  to  the  required  depth,  after 
which  the  tube  would  be  withdrawn,  leaving  the  concrete  point  below 
to  form  the  base  of  the  pile,  the  concrete  being  simultaneously  filled 
into  the  hole,  through  the  tube,  and  rammed.  This  method  requires  a 
molded  concrete  point  for  each  pile.  The  reinforced  concrete  points 
were  thoroughly  practical,  but  it  was  found  that  cast-iron  shell  points 


Fig.  4. 


could  be  used  to  better  advantage  and  gave  more  satisfaction.  This 
method  of  using  loose  cast-iron  points  and  a  driving  tube  is  still  used 
to  some  extent,  but  the  ''alligator"  point  form  is  rapidly  displacing  it. 
The  next  radical  improvement  of  the  system  was  the  introduction 
of  the  ''alligator'^  point.  While  the  use  of  the  concrete  driving  points 
and  the  cast-iron  points  was  thoroughly  practical  and  reliable  and 
formed  an  effective  method  of  introducing  plastic  concrete  deep  into 
the  ground,  still  the  points  were  an  item  of  expense  and  necessitated 
keeping  a  stock  of  them  on  hand,  in  order  to  be  in  a  position  to  start 
work  on  short  notice;  also,  the  shipping  and  handling  of  the  points 
occasioned   further  expense   and   inconvenience.     In    this   direction 
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there  was  a  good  opportunity  to  do  away  with  some  inconvenient 
features,  as  well  as  to  lessen  the  cost  of  the  finished  pile.  It  was  re- 
alized that  if  this  link  in  the  chain  of  operations  could  be  eliminated, 
another  step  toward  true  simplicity  would  have  been  attained.  A 
hollow  form,  that  could  without  the  use  of  auxiliar>^  members,  adapt 
itself  to  be  closed  at  the  lower  end  and  exclude  the  soil  while  being 
driven  into  the  ground,  and  then  to  open  itself  and  permit  the  concrete 
to  pass  through  while  being  pulled  out,  would  be  the  ideal  of  sim- 
plicity. All  these  features  are  embodied  in  the  *' alligator  point" 
driving  form. 

As  carried  out  in  actual  practice,  this  form  is  constructed  substan- 
tially as  follows.  A  stock  length  (about  20  feet)  of  15  inches  O.  I), 
pipe,  J  inch  metal,  is  reinforced  at  the  upper  end  by  means  of  a  band  of 
i  inch  boiler  steel,  18  inches  wide,  rolled  into  a  cylinder  t-o  fit  tightly 
around  the  pipe  and  riveted  to  it  by  means  of  three  rows  of  1  inch 
rivets,  8  rivets  to  the  row.  The  rivets  are  countersunk  and  have 
slightly  oval-shaped  heads,  which  does  away  with  any  unnecessar\' 
projections  that  would  interfere  with  the  operations.  This  band  has 
been  found  necessary  to  prevent  the  upsetting  action  of  the  hanmrier. 
and  its  depth  (18  inches)  has  been  found  by  practice  to  be  the  mini- 
mum to  prevent  the  buckling  of  the  tube,  which  usually  manifests 
itself  in  the  production  of  an  annular  welt  just  below  the  band.  Even 
this  powerful  band  with  equally  powerful  rivets  does  not  entirely  pre- 
vent the  upsetting  of  the  metal  and  the  loosening  of  the  rivets.  It 
seems  well-nigh  impossible  to  build  anything  which  will  entirely  resist 
the  repeated  blows  of  a  heavy  hammer,  the  only  solution  being  to 
build  all  the  apparatus  of  such  a  rugged  nature  as  to  reduce  the  punish- 
ment to  a  minimum,  and  it  may  be  noted  that  these  fundamental 
principles  have  been  followed — namely,  niggedness,  heavy  riveting, 
and  few  parts;  no  bolts  can  be  permitted  anywhere.  Four  large 
holes  are  bored  ninety  degrees  apart  through  the  band  and  pipe,  to 
accommodate  the  two  inch  pins  which  connect  the  pulling  shackle 
to  the  form. 

To  the  lower  end  of  the  pipe  is  riveted  a  cast-steel  sleeve  having 
the  same  inside  diameter  as  the  pipe  but  of  IJ  inches  thick  metal, 
making  the  outside  diameter  17  inches.  The  pipe  is  turned  off  true 
and  fits  with  a  driving  fit  into  an  8  inches  deep  socket  turned  into  the 
sleeve.  Two  rows  of  twelve  1  inch  countersunk  rivets  with  flattened 
heads  connect  the  sleeve  to  the  pipe.  To  this  sleeve  are  attached 
two  cast-steel  jaws  in  such  a  manner  as  to  permit  them  to  swing  freely. 


Shuman — Simplex  System  of  Concrete  Piling, 


353 


These  jaws  are  segments  of  a  true  cylinder  the  same  size  as  the  sleeve, 
namely,  14  inches  inside  diameter,  and  17  inches  outside  diameter, 
formed  by  two  planes,  one  cutting  in  at  approximately  30  degrees 
to  the  axis,  and  the  second  at  right  angles  to  the  first  and  intersecting 
a  little  short  of  the  axis.  When  brought  together  they  form  a  sort 
of  clamshell  point,  absolutely  tight  and  well  adapted  for  penetrating 
the  soil,  but  when  hanging  open  they  form  a  true  cylinder  of  the  full 
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Fig.  5.  Fig.  6. 


opening  of  the  pipe  above,  thus  giving  a  straight  and  unobstructed 
chute  for  the  passage  of  the  concrete. 

To  describe  this  thoroughly  it  is  necessary  to  refer  to  a  diagram. 
Figure  5  is  a  section  through  the  "alligator  point"  at  right  angles  to 
the  plane  of  contact  of  the  two  jaws;  and  figure  6  is  an  elevation  from 
the  front  of  the  jaw.  A  is  the  sleeve  attached  to  the  pipe  C.  B,  B 
are  the  jaws,  fastened  to  the  sleeve  by  means  of  the  endless  half  inch 
steel  cable  loops  D,  which  pass  around  the  lugs  E,  E  respectively  on 
the  sleeve  and  jaws.     These  cables  lie  beneath  the  surface,  in  pocket. '^ 
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cored  to  receive  them,  and  are  covered  over  with  Babbitt  metal,  with 
the  exception  of  a  small  space  at  F,  which  is  free  to  bend.  If  these 
cables  stretch  or  wear  away  they  can  be  readily  replaced.  All  joints 
are  machined.  The  socket  shaped  joint  at  G,  prevents  the  jaws  from 
sliding  off  bodily  or  spreading.  The  teeth  at  H  perform  a  ver}^  im- 
portant function.  The  interlocking  of  the  jaws  binds  them  together 
so  that  they  must  act  as  one  solid  piece.  If  the  point  should  strike 
a  boulder  J,  it  would  have  a  tendency  to  deflect  and  tear  asunder  at  K, 


Fio. 


but  before  any  separation  could  occur,  the  increased  pressure  at  L 
would  establish  equilibrium  and  relieve  the  strain  on  the  cable.  If 
the  jaws  were  not  interlocked  there  would  be  rotation  at  M,  causing 
a  frightful  strain  on  the  cables.  This  was  learned  by  sad  experience. 
The  jaws  are  usually  closed  together  and  held  by  tw^o  small  tapered 
pins,  which  are  shown  at  N.  They  can,  however,  be  held  closed  by 
means  of  a  small  clamp  at  P  which  is  destroyed  during  the  driving 
and  comes  off  when  pulling. 

Thus  built  up  the  driving  form  consists  of  a  stock  length  of  large 
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diameter  pipe,  reinforced  at  the  top  with  a  band  and  fitted  at  the 
bottom  with  an  alligator  point.  Such  a  driving  form  is  altogether 
about  22  feet  long.  If  a  longer  form  is  required,  additional  lengths 
can  be  coupled  to  it.  This  is  done  by  means  of  a  i  inch  boiler  plate 
three  feet  wide  rolled  up  in  the  shape  of  a  cylinder  to  fit  tightly  around 
the  outside  of  the  pipe  and  riveted  to  each  section  by  means  of  three 
rows  of  8-1  inch  c.s.  rivets  with  flattened  heads. 


Fig.  8. 


The  standard  driver  used  in  this  system  is  built  on  the  same  general 
plan  as  the  ordinary  pile  driver,  but  it  is  much  stronger,  heavier,  and 
has  some  special  features.  The  rollers  on  which  the  driver  rests  are 
of  10  inches  O.  D.  pipe  by  J  inch  metal  with  holes  bored  through  at  the 
ends  at  right  angles  to  each  other,  to  accommodate  the  rolling  bars, 
which  are  made  of  a  crowbar  rounded  at  the  ends.  The  chocks  are 
of  cast-iron.  When  the  rolls  have  been  properly  greased,  the  driver 
will  roll  and  slide  without  undue  force  being  required.     The  leads  are 
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made  up  of  2  pieces  of  8  inch  X  14  inch  Oregon  pine  60  feet  long 
tapered  at  upper  end  to  8  inches  X  8  inches.  The  faces  of  the  leads 
are  protected  by  8  inch  steel  channels  bolted  on  with  countersunk 
bolts.  Just  back  of  the  leads  and  bolted  to  them  are  two  pieces  of 
6  inch  X  14  inch  Oregon  pine  50  feet  long,  which  reinforce  them  and 
take  up  the  strain  of  pulling  the  form,  after  it  has  been  driven  down. 
On  top  of  these  timbers  is  a  sliding  purchase  cap,  from  which  is 
suspended  the  pulling  tackle,  consisting  of  one  quadruple  steel  block 
and  a  quintuple  steel  fall  reeved  with  a  f  inch  diameter  plow-steel 
wire  rope  which  runs  over  a  single  steel  block  and  thence  to  the  engine, 
thus  giving  the  pulling  strength  of  ten  ropes.  The  steel  blocks  used 
are  manufactured  by  the  Boston  &  Lockport  Block  Co.,  and  are  of  a 
special  type,  as  the  regular  blocks  manufactured  were  foimd  to  be 
entirely  too  weak.  The  Jiammer  used  weighs  3000  pounds.  The  engine 
is  of  any  approved  type  of  hoisting  engine  with  two  drums  and  two 
8  X  12  cylinders.  On  the  top  of  the  driver  are  mounted  three  sheaves; 
the  middle  one  for  the  IJ  inch  manila  hammer  line,  the  one  on  either 
side  for  the  1  inch  bucket  line  and  rammer  line. 

With  the  above  description  of  the  apparatus  the  process  of  producing 
a  concrete  pile  can  be  more  easily  understood,  and  it  is  substantially 
as  follows:  The  driving  form  is  s>\aing  up  into  the  leads,  the  jaws 
being  closed.  It  is  lowered  until  it  rests  on  the  ground  and  has  buried 
its  nose  some  inches  in  the  soil,  w^hen  the  pins  are  removed,  the  jaws 
being  then  held  together  by  the  pressure  'of  the  soil.  On  the  top  of 
the  form  is  placed  a  steel  drive-head  with  a  tenon  underneath  to  en- 
gage the  pipe  and  provided  on  the  top  with  an  oak  block  to  take  the 
shock  of  the  blow.  The  form  is  driven  until  it  has  reached  the  required 
depth.  The  hammer  with  the  drive-head  attached  is  raised  to  the 
top  of  the  leads  and  toggled  by  swinging  out  the  purchase  cap  carrj'^- 
ing  the  pulling  tackle.  The  fall  is  connected  to  the  driving  form  and 
made  ready  for  pulling.  The  rammer,  which  is  a  cylindrical  cast- 
iron  weight  6  inches  in  diameter  and  weighing  300  pounds,  is  lowered  to 
the  bottom  of  the  form  and  a  target  is  fastened  in  the  rope  flxish  with 
the  top  of  the  form.  The  rammer  is  raised  half-way  up  in  the  tube 
and  a  bucketful  of  concrete,  hoisted  in  a  special  bucket  pro\'ided  with 
a  falling  bottom,  is  emptied  down  the  tube,  striking  the  bottom  with 
considerable  impact.  The  rammer  is  lowered  until  it  rests  on  the  con- 
crete, the  form  is  pulled  up  until  the  target  on  the  rammer  line  is  one 
foot  above  the  top  of  the  form,  which  gives  evidence  that  the  jaws 
have  opened,  and  permitted  the  concrete  to  pass  through  with  the 
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exception  of  a  one  foot  head  of  concrete  left  in  the  form  to  prevent  any 
particle  of  soil  from  getting  into  the  concrete.  The  concrete  is  well 
rammed  by  raising  the  ranamer  and  permitting  it  to  fall  frequently 
on  the  mass  already  in  place.  Then  the  rammer  is  raised  half-way 
up  in  the  tube  and  a  second  bucketful  of  concrete  emptied;  this  process 
being  repeated  until  the  hole  has  been  entirely  filled  and  the  form  with- 
drawn. When  the  form  leaves  the  hole,  the  jaws  are  usually  much 
clogged  with  mud  and  concrete,  which  must  be  removed  before  the 
point  can  be  closed  again.  This  is  effected  by  means  of  a  J  inch  steam 
hose  run  from  the  boiler  and  provided  with  a  ^  inch  nozzle.  Where- 
ever  the  steam  strikes,  it  instantly  removes  all  mud,  and  by  virtue 
of  its  great  pressure  is  enabled  to  go  into  all  joints  and  blow  out  the 
dirt.  The  jaws  are  then  closed  and  the  form  is  ready  for  another  pile. 
The  method  above  described  has  been  varied  to  some  extent  in  prac- 
tice, so  that  a  number  of  buckets  may  be  emptied  in  succession  before 
pulling,  and  frequently  the  entire  form  has  been  filled  before  the  shell 
was  moved. 

A  pile  formed  in  this  manner  is  a  true  concrete  pile;  that  is  to  say, 
a  pile  in  which  the  plastic  concrete  has  been  well  rammed  directly 
into  the  surrounding  compressed  earth  and  is  then  allowed  to  set  undis- 
turbed and  attain  its  full  hardness,  without  being  afterward  subjected 
to  any  hammering.  This  intimate  contact  with  the  earth  means 
that  the  concrete  has  entered  the  pores  of  the  soil  and  increased  the 
coefficient  of  friction.  Any  stones  or  boulders  which  have  been  en- 
countered and  pushed  aside  have  been  cemented  to  and  made  a  por- 
tion of  the  pile,  thus  affording  a  great  many  projections  into  the  sur- 
rounding soil.  This  result  is  also  brought  about  by  the  portions  of 
stones  in  the  aggregate  being  forced  outward  into  the  surrounding 
soil  by  the  ramming  to  which  the  concrete  is  subjected.  It  has  also 
been  demonstrated  that  when  a  boulder  has  been  displaced  during 
the  driving  process  a  cavity  is  actually  formed  where  the  boulder  was 
originally  located,  into  which  the  concrete  is  forced,  thus  forming  an 
extending  ledge  which  is  capable  of  furnishing  a  true  bearing  at  that 
point.  The  significance  of  this  is  more  striking  when  we  consider 
that  the  bearing  power  of  soil  is  usually  estimated  to  be  about  twenty 
times  that  of  the  friction  on  the  sides  of  the  pile.  This  might  be  com- 
pared to  the  construction  of  a  thrust  bearing  for  a  shaft,  where  addi- 
tional thrust  surface  is  obtained  by  means  of  thrust  collars  turned  on 
the  shaft.  This  result  is  happily  indicated  in  Figure  8,  which  shows 
an  exposed  pile  where  this  action  has  occurred.     This  ramming  of  the 
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down  into  the  heart  of  the  wooden  piles.  •  They  can  be  driven  through 
hard  upper  strata  soils,  and  can  pass  any  ordinary  obstructions  where 
a  wood  pile  would  fail,  and  will  turn  any  ordinary  sized  boulder  aside. 
At  Washington  a  brick  sewer  was  punctured  top  and  bottom  and  the 
form  driven  completely  through.  At  Pittsburg  a  6  inch  water  main 
was  burst  by  the  form. 

The  most  dangerous  enemy  of  the  w^ood  pile  in  sea  water  is  the 
teredo.     This  little  worm  attacks  the  pile  from  the  outside  anywhere 


Fig.  10. 


below  high  water  and,  feeding  as  it  progresses,  it  bores  at  a  rapid  rate 
until  it  has  honeycombed  the  pile  so  effectually  that  the  strength  is 
entirely  gone.  This  is  doubly  dangerous  from  the  fact  that  its  action 
is  not  noticeable  from  the  outside  without  the  most  careful  inspection. 
The  destruction  of  a  pile  in  one  year  is  not  at  all  uncommon,  and  it  has 
frequently  occurred  that  piles  have  been  destroyed  by  them  in  three 
months  time.  The  concrete  pile  is  entirely  immune  to  any  attacks 
of  this  nature. 
A  concrete  pile  can  be  used  to  advantage  for  all  the  purposes  for 
3 
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which  a  wood  pile  is  used,  besides  having  some  special  fields  where 
a  wood  pile  could  not  be  used.  For  any  ordinan^  foundation  work  the 
plain  concrete  pile  as  described  above  is  used,  and  in  cases  where  it 
becomes  necessary  it  can  be  reinforced  to  any  extent.  For  whar\-es, 
piers  and  docks,  where  the  pile  must  be  built  up  through  water,  a 
light  iron  shell  is  used  to  act  as  a  mold  for  the  concrete  until  it  has 
set,  after  which  the  mold  may  be  removed  if  considered  advisable. 
Such  piles,  where  they  must  project  up  many  feet  above  the  soil,  are 
very  strongly  reinforced,  in  order  to  give  them  great  resistance  to 
cross  breaking.  For  retaining  walls  a  row  of  reinforced  concrete  piles 
may  be  built  deep  enough  to  get  a  suitable  resistance  to  overturning, 
after  which  the  spaces  between  the  piles  may  be  filled  in  with  concrete 
walls.  For  machinery  foundations  which  are  subjected  to  vibration 
strains,  it  would  be  a  wise  plan  to  reinforce  the  concrete  piles  to  pre- 
vent any  possibility  of  rupture. 

A  unique  field  for  the  concrete  pile  is  afforded  by  the  foundations 
for  large  stacks  and  chimneys.  For  such  a  purpose  a  ring  of  piles 
may  be  driven  just  under  the  anchor  bolt  circle  (see  Fig.  10),  each 
anchor  or  bolt  running  well  down  into  the  center  of  each  pile  in  order 
to  obtain  a  strong  hold  in  the  pile  as  well  as  to  reinforce  it.  In  this 
way  a  great  mass  of  concrete  may  be  saved,  as  the  overturning  action 
is  resisted  not  by  dead  weight,  but  by  the  resistance  of  the  concrete 
piles  to  being  uprooted. 

Where  there  is  lack  of  head  room  to  drive  a  long  wooden  pile,  a 
long  concrete  pile  may  yet  be  driven.  To  effect  this  a  numl)er  of 
short  sections  of  pipe  are  employed,  so  arranged  that  they  may  be 
quickly  coupled  and  uncoupled.  One  section  armed  with  an  alligator 
point  is  first  driven  down,  a  second  section  is  coupled  on  to  this  and 
again  driven  down,  and  so  on  until  the  desired  depth  has  been  reachetl. 
The  pulling  and  filling  proceeds  as  previously  described,  each  section 
of  pipe  being  removed  as  fast  as  it  becomes  necessary'. 

In  many  cases  the  economy  of  concrete  piling  over  other  methods 
of  foundation  is  quite  marked.  Let  us  assume  the  case  where  the 
upper  soil  is  of  a  soft  unreliable  nature  and  unable  to  bear  the  load 
of  the  buikling  without  resorting  to  spread  footings,  and  the  low  water 
level  is  considerably  below  grade.  The  concrete  piling  system  ignores 
all  these  conditions  and  plants  its  piles  entirely  through  the  soft  stuff 
and  into  the  hard-pan  below;  the  piles  are  capped  with  a  concrete 
footing  and  the  foundation  is  complete. 

With  anv  other  method  we  immediatelv  encounter  more  work  and 
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difficulty.  If  wood  piles  are  used  they  must  be  cut  off  below  low 
water;  this  requires  sheet  piling,  excavating,  pumping  out  of  water, 
sawing  off  of  piles  and  building  up  of  a  large  mass  of  concrete  in  order 
to  reach  grade.  The  time  required  is  much  greater.  If  concrete  piers 
are  to  be  built  they  must  go  down  a  sufficient  depth  to  reach  good 
bearing  material.  This  also  requires  sheet  piling,  excavating,  pumping 
and  building  up  of  a  great  quantity  of  concrete,  and  the  time  consumed 
is  enormous.  Also  there  is  liability  of  danger  to  life  and  limb  from 
the  possibility  of  the  shoring  and  sheeting  collapsing.  If  spread  foot- 
ings are  used  the  amount  of  concrete  required,  together  with  the  cost 
of  reinforcing  them,  will  in  most  cases  cost  more  than  the  piling,  in 
addition  to  which  we  must  consider  that  the  entire  building  is  prac- 
tically floating  on  a  soft  material  and  subject  to  all  kinds  of  uneven 
settlements,  from  the  impossibility  of  accurately  gauging  the  bearing 
capacity  of  the  soil,  which  is  apt  to  vary  at  the  different  points.  When 
we  drive  piles  the  character  of  the  soil  at  each  point  is  determined 
by  the  penetration,  and  uniform  results  are  obtained.  It  has  been 
demonstrated  in  practice  that  it  is  economical  to  build  concrete  piles 
in  place  of  built-up  piers  whenever  the  hard-pan  exceeds  six  feet  in 
depth  below  grade.  The  rapidity  with  which  a  large  foundation  of 
concrete  piles  can  be  placed  saves  so  much  time  over  the  usual  methods 
that  it  has  frequently  occurred  that  the  saving  in  rental  of  the  build- 
ing amply  paid  for  the  entire  cost  of  the  foundation. 

Where  concrete  is  deposited  so  far  below  the  surface  as  is  neces- 
sarily the  case  in  this  system,  and  where  it  is  so  difficult  to  inspect, 
the  question  naturally  arises,  What  assurance  is  there  that  there  are 
no  voids  in  the  pile,  that  it  is  of  full  diameter,  and  that  while  lifting 
the  form  no  soil  has  fallen  in,  thereby  destroying  the  bond?  In  order 
to  be  sure  of  preventing  any  voids  the  concrete  is  put  in  as  wet  as  is 
consistent  with  good  practice,  and  the  persistent  ramming  to  which 
it  is  subjected,  combined  with  the  impact  with  which  it  strikes  the 
bottom  when  dropped  from  the  bucket,  makes  the  formation  of  voids 
an  utter  impossibility.  The  quantity  of  concrete  deposited  into  each 
pile  can  be  readil}^  ascertained  by  counting  the  buckets,  and  by  com- 
paring this  with  the  volume  which  should  be  required,  it  can  readily 
be  ascertained  that  the  pile  is  of  full  diameter.  As  stated  before, 
during  the  process  of  planting  a  concrete  pile  and  while  the  form  is 
being  withdrawn  a  head  of  concrete  at  least  a  foot  high  is  constantly 
maintained  in  the  pipe,  which  effectually  prevents  any  soil  from  fall- 
ing into  the  mass  and  destroying  the  bond.     The  target  on  the  ram- 
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mer  rope  accurately  records  all  that  is  going  on  below  the  surface  and 
in  the  interior  of  the  form. 

Although  many  thousands  of  piles  have  been  planted  by  this  system, 
and  a  large  niunber  have  been  exposed  and  even  entirely  excavated, 
yet  there  has  never  been  any  suspicion  of  an  imperfect  pile.  In  all 
cases  they  have  been  found  to  be  a  perfect  monolith,  of  full  diameter, 
very  rough,  and  with  the  earth  clinging  so  tightly  to  the  surface  that 
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it  was  necessary  to  remove  it  with  a  pick  and  scour  with  water  before 
the  concrete  was  bared. 

The  limiting  depth  to  which  these  piles  may  be  driven  is  yet  to  be 
determined,  as  they  have  been  planted  to  a  depth  of  55  feet  and  there 
was  no  indication  at  that  point  that  they  could  not  proceed  further. 
It  is  easily  possible  that  they  may  yet  exceed  100  feet  in  length.  The 
usual  spacing  is  three  feet  centers,  but  they  have  often  been  driven  on 
30  inch  centers.  Each  pile  must  be  considered  as  being  surrounded 
with  a  cylindrical  arch  of  highly  compressed  earth,  which  not  only 
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increases  its  bearing  power,  but  acts  as  a  powerful  protection  against 
the  distortion  of  the  hole  when  neighboring  piles  are  driven.  When 
a  cylinder  is  deformed  its  volume  is  necessarily  decreased,  which  would 
necessitate  forcing  the  concrete  out  of  the  hole  at  the  surface.  This 
phenomenon  has  never  yet  taken  place,  so  it  is  safe  to  assume  that 
the  piles  are  never  deformed.  As  a  test  case,  on  one  occasion  at  Cin- 
cinnati a  Simplex  form  was  driven  down  forty  feet,  pulled  out  and 
driven  a  second  time  with  only  20  inches  in  the  clear  between  the  two 
piles.  The  first  hole  was  left  entirely  open,  and  an  electric  light  bulb 
was  lowered  into  it  and  the  hole  carefully  watched  while  the  second 
one  was  being  driven.  The  hole  was  flattened  one-quarter  of  an  inch 
on  the  driving  side,  but  no  particles  of  dirt  were  knocked  off  into  the 
hole.  Even  this  slight  deformation  would  not  take  place  if  the  hole 
were  filled.  In  this  case  a  conical  projectile-shaped  point  was  used, 
but  the  '^alligator  point"  has  a  partially  wedge  or  clamshell  shape, 
which,  when  turned  with  its  minor  axis  at  right  angles  to  the  first  hole, 
will  tend  to  push  the  soil  sidewise  instead  of  toward  the  hole. 

Simplex  concrete  piles  may  be  driven  with  their  centers  within 
one  foot  of  a  masonry  wall  and  yet  not  disturb  it  to  any  appreciable 
extent.  In  New  York  while  placing  concrete  piles  for  the  Produce 
Exchange  Bank  Building,  the  driving  was  frequently  alongside  the 
walls  of  large  oflfice  buildings,  but  the  hammering  w^as  scarcely  per- 
ceptible wuthin  those  buildings.  At  Cincinnati  a  row  of  piles  was 
being  driven  close  to  the  foot  of  a  large  brick  wall  and,  although  sur- 
veyors constantly  took  readings  of  the  wall,  it  never  moved  out  of 
plimib.  This  lack  of  disturbance  may  be  accounted  for  by  the  fact 
that  while  the  soil  is  much  compressed  immediately  around  the  hole, 
by  virtue  of  the  short  conical  point  it  is  compressed  in  successive  com- 
paratively thin  layers  at  a  time,  and  hence  does  not  move  the  large 
mass  of  ground  at  once. 

The  first  work  done  under  the  Simplex  system  was  in  January, 
1903,  at   the  Washington  Barracks,  where  some  officers'  quarters, 
rather  light  buildings,  were  to  be  erected.     At  first  it  was  intended 
to  build  them  in  the  usual  manner  of  running  foundation  walls  below 
the  frost  line,  but,  becoming  suspicious  of  the  soil,  the  engineer  in 
charge  placed  a  test  load  on  it  and  found  it  entirely  inadequate  to 
carry  the  buildings.     The  sinking  of  caissons,  the  buildings 
Crete  piers,  the  driving  of  wood  piles  and  cutting  off  below 
and  the  use  of  spread  footings  were  all  carefully  consider 
mated,  but  each  in  turn  was  found  too  expensive.     The  f 
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was  adopted  as  being  a  more  economical  method,  and  its  use  was 
justified  by  the  final  results,  which  showed  a  saving  of  ten  per  cent. 
This  does  not  consider  the  saving  of  time,  which  under  the  present 
perfected  system  would  have  amounted  to  at  least  eighty  per  cent. 

The  great  success  of  the  system  at  the  Barracks  attracted  attention 
far  and  wide,  and  in  a  short  time  it  was  adopted  for  a  United  States 
Post  Office  at  Lawrence,  Mass.;  for  a  P.  R.  R.  train  shed  at  Chester, 
Pa.;   and  for  the  Produce  Exchange  Bank  Building,  in  New  York. 

Then  after  a  competetive  test  it  was  adopted  in  the  foundation 
of  the  Pittsburg  Terminal  Warehouse  &  Transfer  Company's  ware- 
house in  Pittsburg,  Pa.,  one  of  the  largest  pieces  of  foundation  work 
ever  constructed  in  the  country.  Here  were  used  4800  piles  17  inches 
diameter,  from  35  to  45  feet  long,  a  total  of  162,000  lineal  feet,  or  31 
miles,  all  of  which  were  planted  in  three  months'  time.  The  lowest 
time  bid  for  built-up  concrete  footings  was  18  months — a  difference 
of  15  months.  The  saving  in  rental  of  the  building  for  this  difference 
of  time  was  more  than  the  cost  of  the  entire  foundation.  Each  pile 
was  designed  to  carr}^  a  load  of  30  tons,  and  in  order  to  assure  him.self 
of  their  ability  to  do  so,  the  architect  tested  a  cluster  of  four  piles, 
selected  at  random,  with  a  load  of  175  tons,  and  although  this  load 
was  on  the  piles  for  a  whole  month  and  close  to  the  tracks  of  the  P.  & 
L.  E.  R.  R.,  whose  heavily  loaded  trains  subjected  it  to  considerable 
vibration,  there  was  no  undue  settlement. 

Other  important  pieces  of  foundation  work  have  been  completed, 
notably  in  Cincinnati,  Louisville,  Omaha,  Cleveland  and  Fort  Des 
Moines. 

Besides  the  test  above  mentioned,  the  piles  have  been  subjected 
to  frequent  heavy  loads,  usually  from  50  to  100  per  cent,  more  than 
the  pile  is  intended  to  carry,  but  in  no  case  has  there  been  any  appre- 
ciable settlement. 

The  question  of  calculating  the  carrjnng  power  of  a  Simplex  pile 
is  a  matter  that  presents  some  unique  features.  The  ordinar>'  pile 
formula)  fail  to  cover  the  case,  as  the  completed  pile  has  for  several 
reasons  a  much  greater  resistance  to  settlement  than  the  driving  form. 
To  appreciate  this  more  thoroughly,  let  us  make  a  comparison  between 
the  form  and  the  finished  pile.  The  driving  form  has  a  point  adapted 
for  easy  penetration,  and  has  a  smooth  metal  surface  which  becomes 
polished  by  repeated  driving.  Compared  to  this  the  finished  pile, 
owing  to  the  efficient  ramming,  has  a  very  blunt  point,  and  has  an 
extremely  rough  surface  cemented  to  the  compressed  earth.     WTien 
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we  review  the  many  extensive  formulae  for  calculating  the  bearing 
power  of  wood  piles,  of  which  some  give  results  five  times  that  of 
others,  we  feel  that  a  simple  formula  which  will  enable  us  to  compare 
the  driving  in  different  localities  and  give  a  fairly  close  approxima- 
tion for  a  safe  working  load  is  the  one  to  be  desired.  The  writer  pro- 
poses the  following: 

2WH         2WHa. 

B  =  "-; -f  —  .  »n  which 

(IM  1)       (p+l)Af 

B   =  Safe  bearing  value  of  finished  concrete  pile  in  tons. 

P   =   Penetration  at  last  blow  in  inches. 

p   =  Average  penetration  of  all  blows  in  inches  =   length  of  pile  in  inches 

divided  by  number  of  blows. 
A    =  End  area  of  pile  in  square  feet, 
a   =  Side  area  of  pile  in  square  feet. 
W    =   Weight  of  hammer  in  tons. 
H    =  Height  of  fall  in  feet, 
f   =  Coefficient  adopted  from  practice  and  assumed  at  40. 

This  formula  presumes  to  estimate  the  bearing  capacity  of  the 
finished  pile  by  dividing  it  into  two  parts — namely,  the  end  bearing 
power  of  the  pile,  and  the  side  friction  bearing  power. 

The  end  bearing  power  of  the  pile  is  embodied  in  the  first  portion 
of  the  proposed  formula  and  will  be  at  once  recognized  as  an  already 
well  established  formula  which  is  both  prompt  and  conservative. 

The  side  friction  bearing  power  of  the  pile  is  embodied  in  the  second 
portion  and  upon  analysis  will  be  found  to  rest  on  the  presumption 
that  the  frictional  resistance  may  be  determined  from  the  penetra- 
tion at  each  blow  of  the  hammer.  This  is  a  sound  presumption  in 
most  cases,  when  we  consider  that  the  formula  is  modified  by  a  co- 
efficient obtained  from  practice.  The  coefficient  assumes  that  the 
frictional  resistance  of  a  soil  is  one-twentieth  of  its  bearing  power, 
this  proportion  being  further  reduced  to  allow  for  the  shape  of  the 
point.  It  is  not  claimed  that  the  formula  is  exact,  but  its  advantage 
lies  in  the  fact  that  it  gives  accurate  comparative  results,  which  should 
give  a  uniform  foundation,  and  it  is  unquestionably  well  within  the 
limits  of  safety. 

As  an  example  from  practice,  a  pile  25  feet  long,  17  inches  diameter, 
required  150  blows,  the  last  blow  sinking  the  pile  one-half  inch.  The 
average  penetration  was  2  inches  per  blow.  The  skin  friction  by  the 
formula  is  estimated  at  one-sixth  of  a  ton,  or  330  pounds,  per  square  foot, 
which  is  certainly  safe.     This  multiplied  by  the  side  area  gives  102  X 
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i  or  17  tons  for  side  friction.  The  end  bearing  by  formula  gives  20 
tons.     Total  37  tons. 

The  cost  of  concrete  piling  is  low  enough  to  permit  competition 
with  wood  in  a  great  many  instances  where  permanence  is  not  a  feature. 
The  great  diameter  of  the  pile  and  its  better  hold  on  the  earth  permits 
a  loading  twice  as  great  as  the  wood,  so  that  ordinarily  only  half  the 
number  of  concrete  piles  are  required. 

A  gang  to  handle  one  driver  consists  of  a  foreman,  an  engineer, 
two  winch  head  men  and  three  riggers;  and  cooperating  with  them 
and  under  orders  of  the  foreman,  is  a  concrete  mixing  gang  of  six 
mixers,  one  of  whom  is  a  man  of  judgment  and  who  is  given  charge 
and  held  responsible  for  the  proper  mixing  of  the  concrete,  and  for  its 
prompt  delivery  into  the  buckets.  The  cost  of  labor  an<f  apparatus 
per  day  for  one  gang  will  run  from  $40  to  $50.  Under  ordinary  con- 
ditions they  will  plant  from  400  to  500  lineal  feet  per  day.  At  Pitts- 
burg one  outfit  working  on  piles  30  feet  long  succeeded  in  planting 
31  piles  in  one  day  of  ten  hours;  this  amounts  to  930  lineal  feet. 

The  concrete  may  be  mixed  in  accordance  with  any  specifications. 
The  usual  practice  is,  one  part  of  first-class  Portland  cement,  2i  parts 
of  coarse  sharp  sand  and  5  parts  of  gravel  or  broken  stone.  This 
is  a  mixture,  not  too  expensive,  and  yet  amply  strong  enough  to 
develop  the  full  supporting  power  of  the  pile. 

The  system  is  controlled  by  The  Simplex  Concrete  Piling  Co.  of 
Philadelphia,  who  have  developed  it  from  its  infancy  and  designed 
all  the  apparatus,  and  though  they  do  not  contract  for  the  work,  they 
exercise  supervision  over  it  in  order  that  no  failures  may  occur  due 
to  lack  of  experience  in  the  handling.  All  the  work  is  executed  by 
experienced  contractors  who  have  been  given  the  license  to  use  the 
system  within  a  certain  territory  surrounding  their  central  office. 

COMMl  XICATED  DISCUSSION. 

Percy  H.  Wilson. — The  paper  thoroughly  accords  with  my  views  regarding 
the  advantages  of  concrete  piles  over  wood  piles  or  concrete  pier  construction. 

The  uncertainty  as  to  what  is  happening  at  the  bottom  of  the  pii>e  during  the 
placing  of  the  concrete  must  impress  ever>'  engineer.  In  driving,  the  alligator 
jaws  have  compressed  the  earth  directly  under  them  to  such  au  extent  that  the 
amount  of  pressure  possible  to  bring  from  the  inside  will  not  open  them  unless  the 
pil^e  is  raised.  They  therefore  open  while  raising  the  pipe,  and  the  concrete  at  the 
bottom  of  the  pile  assumes  very  closely'  the  shape  of  the  alligator  Java's. 

If  the  pile  is  driven  tlirough  soft  material,  mud  or  quicksand,  for  instance, 
the  exterior  pressure  brought  to  bear  by  this  material  agahist  the  alligator  jaws 
must  be  greater  than  that  interior  pressure  brouglit  by  the  concrete  and  rammer 
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inside  the  tube, 'thus  tending  to  close  the  alligator  jaws.  If  these  jaws  are 
closed,  the  pile  is  squeezed,  and  its  diameter  reduced. 

The  bearing  of  a  pile  depends  upon  the  compression  of  tlie  earth  beneath  the 
point,  and  the  frictional  resistance  of  the  sides,  increased  by  whatever  compression 
of  the  earth  is  caused  by  the  taper  of  the  pile.  It  is  a  well-known  fact  that  a  taper- 
ing wooden  pile  reaches  a  given  penetration  much  quicker  than  a  pile  of  cylin- 
drical shape,  driven  under  like  conditions.  When  the  Simplex  pile  is  driven  with- 
out disturbing  an  adjacent  hole,  the  compression  of  the  earth  throughout  the 
length  of  the  pile  must  be  negligible.  This  pile  therefore  depends  for  its  bearing 
power  on  the  compression  of  the  earth  beneath  the  point  alone,  and  to  the  in- 
creased friction  due  to  the  mixing  of  the  concrete  with  the  material  through 
which  the  pile  is  driven.  It  is  impossible  to  check  the  quantity  of  concrete  thus 
mixed  with  the  surrounding  material,  and  also  to  tell  just  how  that  mixture  is 
effected.  Can  we  be  sure  that  the  concrete,  when  pressed  into  the  earth,  retahis 
its  bond  with  the  main  pile? 

The  formula  used  for  driving  is  divided  into  two  sections,  the  first — the  "En- 
gineering News"  formula — very  commonly  used  for  wooden  pile  driving;  the 
second,  an  empiric  formula  dependent  upon  the  additional  friction  gained  by  an 
unknown  mixture  of  earth  and  concrete.  When  this  mixture  occurs,  the  ten- 
dency is  for  the  diameter  of  effective  concrete  in  t'he  pile  to  become  reduced.  The 
"Engineering  News"  formula  is  one  derived  from  observations  taken  from  wooden 
pile  driving.  All  wooden  piles  have  more  or  less  taper,  and  certainly  gain  in  bear- 
ing from  the  compression,  and  consequent  increased  bearing  capacity,  of  tjie 
earth  surrounding  them,  throughout  their  entire  length.  The  advantage  of  this 
is  recognized  by  the  author  of  the  paper,  when  he  says  that  "the  bearing  power  of 
soil  is  usually  estimated  to  be  about  twenty  times  that  of  the  friction  on  the  sides 
of  the  pile,"  As  the  Simplex  pile  is  without  any  bearing  assistance  from  the 
ground  surrounding  it,  but  depends  on  its  bearing  upon  tlie  ground  directly  be- 
neath the  point,  the  "Engineering  News"  formula  should  not  be  used  in  the  cal- 
culation of  bearing.  As  the  pile  depends  for  bearing  upon  the  compression  of 
earth  under  the  point,  the  calculation  of  bearing  can  only  safely  be  accomplished 
by  use  of  a  column  fonnula. 

It  was  the  writer's  privilege  a  short  time  ago,  to  see  a  Simplex  pile  excavated. 
(See  Fig.  12.)  The  surrounding  earth  was  good  enough  to  enable  the  hole  to 
stand  without  sliorhig  to  a  depth  of  twelve  feet.  The  pile,  supposedly  of  at 
least  seven  teen-inch  diameter,  varied  from  fifteen  inches  at  the  top  to  six  inches 
six  feet  down.  Immediately  below  that  it  bulged  to  tliirteen  inches,  and  from 
there  gradually  sloped  until  the  point  of  the  pile  was  represented  by  practically 
a  point  of  concrete.  The  concrete  could  be  waslied  away  with  a  hose  in  many 
places,  thus  reducing  the  diameters  given  above.  This  i)ile  represented  the 
uncertainties  of  the  system,  and  empha-i  :■  1  Hk*  iTfnsui  nt  ilm^  alli>r:iTHM'  jaws  t^ 
open  at  the  bottom  before  the  pi]3e  was  rui^iH I;   their  Imliill'  from  the 

exterior  pressure  of  the  material  through  ^vhirh  it  uitn  dr  njiiiiri|5 

of  the  concrete  in  the  pile  by  its  mixture  nirli  lli**  surrtimii" 

CoxsTAXTiNK  Shumax. — The  argunieiiN  a^I vanned  J  ndt 

new  and  are  pretty  thoroughly  covered  in  tb©  fjii|*t>Ti  bi  y  let 

answer  them  further  in  detail  and  give  reA^niui  wliy  th^  my 

force  to  the  Simplex  piles. 
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the  diffused  light  of  the  lamps  from  shining  in  the  operator's  eyes  and 
from  spoiling  the  sensitive  paper.  At  the  other  side,  on  the  floor  is  a 
dark  box  into  which  the  tracings  and  prints  drop  after  exposure,  and 
iron  framework  which   carries  the  enclosed-arc  lamps  (placed  7 


an 


inches  between  centers)  and  a  reflector,  with  wiring,  switches,  etc. 
In  making  a  print,  the  tracing  and  sensitive  paper  (face  upward)  are 
drawn  from  the  feed-table  between  the  contact-surfaces  of  the  tw  o 


^F^^^^^^^^       '  zi 

w^^ 

Fig.  S. — Fedkral  Blie-Printino  Machine. 


bands,  over  the  fixed  con  vexed  surface  and  discharged  into  the  box 
on  the  other  side  of  the  machine;  and  during  this  passage  most  of  the 
light  from  the  lamps  passes  through  the  glass  and  the  two  runs  of  the 
upper  celluloid  band,  and  the  print  is  made.  This  machine  occupies 
a  floor  space  5  feet  wide  by  5  or  5 i  feet  long,  with  additional  space 
necessary  for  the  operator  at  both  sides  and  one  end. 

The  Federal  Blue-Printing  Machine  (Fig.  8)  consists  essentially  of  a 
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of  concrete,  mixed  as  wet  as  is  consistent  with  good  practice,  is  filled  into  the  form 
at  one  operation.  On  top  of  the  concrete  is  placed  a  ramrod  with  a  piston- 
shaped  end  nearly  covering  the  entire  area  of  the  pipe.  On  this  ramrod  the  4000 
pounds*  weight  of  the  drive-head  and  hammer  is  rested.  The  form  is  then  slowly 
pulled  out,  the  ramrod  squeezing  the  concrete  into  the  hole  with  a  pressure  far 
exceeding  that  of  the  soil,  and  a  full  diameter  pile  is  produced. 

Mr.  Wilson  says  that  when  the  Simplex  form  can  be  driven  without  disturbing 
an  adjacent  hole,  the  compression  of  the  earth  throughout  the  length  of  the  pile 
must  be  negligible.  This  is  by  no  means  the  ca.se.  The  earth  is  very  highly 
compressed  directly  around  the  circumference  of  the  pile,  so  nmch  so  that  it 


Fig.  13. 


requires  a  pick  to  remove  the  soil  frr>iti  n  finUltod  pib,  but  the  deicree  of  com- 
pression decreases,  possibly  wilh  thp  sritiart*  of  Ihtt  di'*tttn4*Pt  ^o  Ihiit  whtni  we  reach 
a  i)oint  20  inches  from  tlie  i  ii'cniiifnjrmii'*'  ther^  (>*  \c?ry  Utilf*  coujprwMtiKi.  This 
cylinder  of  compressed  earth  (tirprlty  uroiirtd  Uii?  h\Tm  h  w'"*  ^  llie  o|ien 

hole,  mentioned  in  the  paper,  fmrn  di»>turbftnop,     Thtt/  .h:  earth, 

aided  by  the  rough  nature  (»f  rh*^  Siinpk*\  piU\  wUldf  n  ■>"  Mr. 

Wilson's  ])hotograph,  gives  rfni^ideTiiblf?  frictmUMl  tm  pIt'X  pile 

compresses  the  ground  muclj  mnrr  than  un  nrtlimtpJ  U\  sih  its 

greater  diameter  dis])laces  murh  marts  ^i>U.     ThitouJJ  be  short 

taper  of  the  Simplex  form  i?om|irtowc*  Mtcc(%:fiii^iv0]r  it  goes 


i 
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operator.  The  exposed  print  is  wound  on  a  roller,  which  is  then  placed 
in  bracket-bearings  on  the  lower  frame.  The  hinged  strip  carrying 
one  of  the  two  rubber  wipers  at  the  top  of  the  frame  is  then  drawn 
up,  and  a  metallic  fastener  strip  (attached  by  tapes  to  the  shaft  of 
the  drying  reel)  is  passed  over  two  alimiinum  rollers  at  the  very  top 
of  the  frame,  through  the  wiper  opening  down  under  two  more  alumi- 
num rollers  immersed  in  the  water,  and  up  to  rest  on  the  front  edge 


Fig.  9. — Washino-Framr  for  Long  Prints. 


of  the  tank.  There  the  free  end  of  the  exposed  print  is  attached  to 
the  fastener-strip  by  spring-clips  arranged  so  as  to  prevent  tearing,  and 
is  laid  in  the  bottom  of  the  tank;  and  (through  a  rubber  hose  attached 
to  a  faucet)  water  is  turned  into  a  sprinkler-tube  that  passes  back  of 
the  framework  below  the  top.  Then  by  winding  the  drying  reel,  the 
tapes,  with  the  fastener-strip  and  the  attached  blue-print  are  drawn 
back  through  the  water  in  the  tank,  and  up  back  of  the  sprinkler 
which  thoroughly  washes  the  print.   When  the  fastener-strip  has  passed 
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broken  bond.  On  the  other  hand,  it  shows  a  solid  unbroken  pile,  which  might 
still  carry  a  ver>'  good  load.  It  was  no  doubt  an  abandoned  pile,  which  was 
compensated  for  by  an  additional  one.  This  is  only  reasonable,  as  the  dimensions 
given  would  indicate  that  little  over  half  the  proper  amount  of  concrete  had  been 
deposited,  which  must  have  given  the  foreman  and  the  inspector  ample  warning. 
Once  in  a  while  such  a  pile  will  result  through  carelessness  or  accident,  such  as 
the  breaking  of  a  rope,  or  the  sticking  of  a  form.  This  is  no  fault  of  the  system, 
as  such  results  can  always  be  detected  and  remedied. 

The  formula  given  in  the  paper  has  been  adopted  from  practice,  and  frequent 
test  loads  have  proved  it  to  be  reHable  and  conservative.  Owing  to  the  shape  of 
the  driving  form  the  side  friction  does  not  come  into  play  until  the  concrete  is  in 
place,  hence  the  driving  represents  almost  entirely  end  resistance  and  gives  the 
first  part  of  the  formula.  The  side  friction  must  not  be  ignored  and  is  added  in 
the  second  portion.  The  piles  are  rarely  called  upon  to  carry  more  than  thirty 
tons.  Recently  a  group  of  five  piles  was  tested  with  300  tons,  showing  no  sign  of 
settlement.  This  is  the  heaviest  test  load  ever  applied  to  any  piles.  (See  Figs. 
13,  14.) 

To  get  support  from  the  sides  of  a  pile,  a  taper  is  of  no  benefit.  Wood  piles  are 
tapered  because  nature  made  them  so,  and  even  these  are  frequently  driven  butt 
end  first  to  obtain  larger  diameters  below,  where  they  are  of  more  service.  On 
the  other  hand,  a  taper  robs  the  lower  portion  of  the  pile  of  its  size,  materially 
reducing  the  end  bearing  and  the  side  surface,  both  of  which  are  embedded  in  the 
firmest  strata.  To  say  that  a  straight  pile  can  have  no  side  supjwrt  is  a  fallacy. 
Shortly  after  driving  ceases,  all  soils  settle  back  with  considerable  back  pressure. 
Add  to  the  slope  of  the  sides  of  the  pile  the  angle  of  friction  resulting  from  this 
back  pressure,  and  it  will  become  at  once  evident  that  a  slight  taper  on  the  pile 
makes  no  practical  difference  in  the  results.  This  back  preasure  from  the  soil  is 
at  all  times  operative,  and  it  is  not  necessary  for  the  pile  to  settle  l)efore  it  is  de- 
veloped. If  the  back  pressure  did  not  exist,  then  a  slight  taper  would  not  be  of 
service,  as  the  pile  would  have  to  settle  materially  before  any  side  resistance 
could  be  developed. 

Aside  from  theory,  to  give  some  idea  of  what  side  friction  on  a  straight  pile  is, 
note  what  force  is  required  to  pull  out  the  form.  During  the  regular  operation  of 
the  Simplex  system  when  the  form  Is  pulled  within  a  few  minutes  after  driving, 
the  usual  force  required  is  about  ten  tons,  sometimes  twenty.  If,  on  the  other 
hand,  the  form  b  left  in  the  ground  for  a  few  hours  and  the  soil  permitted  to  close 
back  on  it,  the  force  required  to  remove  it  is  enormous.  At  Washington  a  forty- 
foot  form  left  in  for  a  few  hours  required  a  force  of  200  tons  to  pull  it.  At  Astoria 
a  form  left  in  overnight  had  to  be  abandoned  after  250  tons  pull  had  been  applied. 
This  is  not  rare.  It  has  been  found  very  important  never  to  drive  a  form  and 
leave  it  overnight  on  account  of  the  difficulty  of  pulling. 
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Paper  No.  1014. 

THE  REPRODUCTION  OF  DRAWINGS 
OF  GREAT  LENGTH  OR  NUMBEi^. 

L.    F.    RONDINELLA. 
Read  April  1,  1905. 

At  the  Centennial  Exposition  in  1876,  the  firm  of  F.  Gutekunst  &  Co., 
of  Philadelphia,  exhibited  a  panoramic  photograph  of  the  exhibition 
buildings  printed  in  one  piece,  10  feet  long  by  17  inches  wide.  This 
is  the  largest  photograph  that  had  been  made  up  to  that  time,  and  it 
excited  a  great  deal  of  interest  here  and  abroad.  The  panorama  was 
taken  on  seven  glass  negatives  each  18  inches  wide  by  22  inches  long, 
so  that  the  details  pictured  at  the  edge  of  one  negative  were  repeated 
on  the  adjoining  negative.  The  print  was  made  by  seven  successive  ex- 
posures in  a  frame  large  enough  for  one  negative,  and  pro\ided  with 
light-tight  boxes  for  holding  the  two  ends  of  the  sensitized  paper  rolled 
up  while  an  intermediate  section  was  being  exposed, — a  form  of  appara- 
tus that  is  still  used  by  photographers  in  making  long  prints  from 
several  glass  negatives.  To  secure  evenness  of  tone  at  the  edge  that 
was  to  be  printed  again  under  the  next  negative,  it  was  vignetted  or 
blended  with  a  strip  of  paper  moved  by  hand, — a  process  that  must 
have  required  considerable  skill  and  has  since  been  supplanted  by  an 
automatic  vignetting  screen  on  the  front  of  the  frame.  To  secure 
sharp  definition  in  the  double  exposed  parts,  the  negatives  and  paper 
were  first  marked  with  guide  lines  which  were  afterward  made  to  coin- 
cide in  arranging  them  in  the  printing  frame.  In  a  device  of  this 
kind  the  time  consumed  in  arranging  the  glass  negatives  and  paper  is 
almost  as  great  as  that  necessary  for  making  the  exposures,  and  go<Mi 
results  can  be  obtained  only  with  great  care  and  skill. 

With  the  modern  panoramic  camera  and  gelatine  film  negatives, 
photographs  may  now  ])e  made  in  one  piece  four  or  five  feet  long,  and 
the  ordinary  printing  frame  with  plate  glass  to  hold  a  single  negative 
of  this  size  is  not  unduly  expensive  nor  diflicult  to  manage.  But 
the  reproduction  of  moving-picture  films  whose  length  is  generally 
over  fifty  feet,  and  the  making  of  blue-prints,  etc.,  from  tracings  of 
engineering  drawings  over  seven  feet  long,  is  a  much  more  difficult 
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matter.  Such  prints  can  of  course  be  made  in  sections,  in  an  ordinary 
photographic  printing  frame,  and  pasted  together  after  development; 
but  the  amount  of  time  consumed  in  arranging  the  exposures  and  the 
danger  to  the  negative  or  tracing  are  \Qvy  great;  the  subsequent  join- 
ing together  takes  much  additional  time,  and  is  not  always  permanent; 
and  in  the  case  of  blue-prints  or  paper  negatives  made  thus  from  long 
tracings  it  is  almost  impossible  to  secure  uniform  color  in  the  different 
sections,  and  continuity  of  lines  where  they  join. 

The  possibility  of  making  prints  indoors  with  artificial  light  has  been 
realized  by  employing  the  enclosed-arc  lamp  in  several  more  or  less 
practical  ways,  that  have  made  the  drafting  departments  of  large 
establishments  independent  of  adverse  conditions  of  light  and  tempera- 
ture out-of-doors.  One  of  the  oldest  of  these  arrangements  uses  the 
ordinary  printing-frame,  w^ith  a  sheet-metal  reflector-hood  w^hose  rec- 
tangular opening  covers  the  plate-glass  of  the  frame,  and  whose  per- 
pendicular cross-sections  are  parabolas  with  the  enclosed  arcs  of  the 
lamps  approximately  in  their  focal  lines.  Since  the  luminous  effect 
varies  inversely  as  the  square  of  the  distance  from  the  light,  it  will  be 
understood,  e.  g.,  that  with  the  arc  10  inches  from  the  glass  the  print- 
ing speed  would  be  twice  as  great  as  with  it  14  inches  away,  but  in 
the  latter  case  the  illumination  would  be  more  uniform  over  a  limited 
area.  Therefore,  while  this  method  of  lighting  is  not  unduly  expen- 
sive for  small  prints,  it  requires  a  large  number  of  lamps  set  close 
together  to  give  even  distribution  over  a  big  glass,  and  the  first  cost 
and  running  expense  are  then  very  high. 

The  use  of  a  hollow  glass  cylinder,  with  flexible  negatives  and  sensi- 
tive material  held  against  its  outer  surface  and  illuminated  by  one  or 
more  electric  lamps  within,  is  quite  an  old  foreign  invention,  and  has 
been  patented  abroad  and  in  the  United  States  in  many  forms.  The 
most  practical  method  of  applying  it,  is  to  place  the  cylinder  vertical 
and  gradually  to  lower  along  its  axis  a  single  arc  lamp  of  very 
high  candle-power.  The  glass  must  be  rolled  accurately  in  two  parts 
and  supported  in  metal  frames;  and  as  the  intensity  of  illumination 
on  its  surface  is  inversely  as  the  scjuare  of  the  cylinder's  radius,  the 
latter  is  usually  less  than  15  inches,  and  the  greatest  possible  width 
of  print  is  therefore  less  than  4  feet.  To  insert  the  materials  for  print- 
ing, the  top  o^he  cylinder  must  be  within  reach  of  the  operator,  and 
the  maximum  length  of  print  is  therefore  less  than  7  feet.  In  common 
with  large  blue-print  frames,  the  glass  is  easily  broken  by  jar  or  s 
change  of  temperature,  and  the  average  half-cylinder  costs  ab 
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to  replace.  For  making  short  prints  indoors,  the  glass-cylinder 
machine  is  a  convenient  but  expensive  apparatus. 

For  making  long  prints  by  sunlight,  an  old  idea  that  appears  to 
have  been  independently  invented  and  employed  by  several  parties 
consisted  in  using  a  large  wooden  cylinder  mounted  to  revolve  on  a 
horizontal  axle,  with  the  sensitive  paper  and  tracing  stretched  tightly 
around  its  periphery.  The  earliest  record  of  its  use  that  I  find  was 
made  in  May,  1887,  when  at  the  meeting  of  the  American  Society  of 
Mechanical  Engineers,  a  blue-print  3J  by  8  feet  was  exhibited  by 
Prof.  Thurston,  who  stated  that  it  had  been  made  by  Prof.  E.  C.  Cleaves 
of  Sibley  College,  and  that  it  was  "probably  the  largest  blue-print  yet 
made  by  any  process.  *'  This  would  now  be  considered  a  compara- 
tively short  print,  yet  the  cylinder  must  have  had  a  diameter  of  nearly 
3  feet.  In  1899,  the  North  Pacific  Railway  w^as  using  a  cylinder  6 
feet  in  diameter  for  making  prints  up  to  18  feet  long,  and  another 
party  whose  name  I  have  forgotten  had  a  cylinder  ten  feet  in  diameter 
for  making  prints  up  to  30  feet  long.  The  impossibility  of  exposing 
such  large  cylinders  elsewhere  than  on  a  flat  roof,  and  the  difficulty 
of  manipulating  the  materials,  combine  to  make  them  impractical 
and  uneconomical  for  general  use. 

This  doubtless  was  the  experience  at  Cornell  University,  for  one 
year  after  he  had  described  the  machine  above  referred  to.  Prof.  Thurs- 
ton exhibited  a  print  2i  by  14  feet  made  there  on  another  apparatus 
which  consisted  essentially  of  a  thin  board  slightly  longer  and  wider 
than  the  proposed  print,  covered  with  felt,  and  with  clamps  at  the 
sides  and  ends  to  hold  the  materials  smoothly  stretched.  The  loaded 
board  was  sprung  and  (by  means  of  cleats  on  another  base-board) 
was  held  with  its  length  in  a  flat  arc,  convex  upward,  and  it  was  ex- 
posed in  the  open  air  and  printed  by  sunlight.  This  device  occupied 
less  cubic  space  than  a  cylinder  of  equal  capacity,  and  could  be  loaded 
and  unloaded  indoors,  and  while  it  was  doubtless  much  lighter  and 
less  expensive  than  a  printing-frame  with  plate  glass  of  equal  size, 
it  must  have  been  equally  impossible  to  expose  it  on  a  bracket  outside 
of  a  window,  and  it  probably  had  to  be  used  on  a  roof  like  the  large 
cylinders  above  referred  to. 

In  1898,  the  desire  to  make  some  one-piece  blue-prints  from  a  ver\^ 
large  tracing  suggested  to  the  writer  the  possibility  of  devising  a  com- 
pact machine  in  which  the  blue-print  paper  covered  by  the  tracing  might 
be  kept  in  close  contact  while  they  were  drawn  at  a  regular  speed  under 
an  exposure-opening,  through  which  the  light  would  strike  successively 
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upon  all  parts  of  the  moving  tracing,  and  thereby  make  the  photo- 
print beneath  it  all  in  one  piece.  In  the  first  experimental  apparatus 
a  dark  box, 45  inches  long  by  24  inches  wide,  by  6  inches  deep,  was  used, 
with  the  top  in  two  parts  sliding  in  from  each  side  to  close  or  to  form 
an  opening  of  adjustable  width.  Inside  were  a  series  of  rollers  carry- 
ing a  continuous  broad  apron  of  rubber  cloth,  so  arranged  that 
its  upper  surface  was  convex  and  traveled  at  a  regular  speed  under 
the  exposure-opening,  when  power  was  applied  to  turn  one  of  the 
rollers.  Above  this  convexed  surface  and  kept  in  close  contact  with 
it  was  a  continuous  cover-strip  of  tracing-cloth,  that  was  drawn  off 
of  one  roller  against  the  tension  of  a  friction-brake  and  on  to  another 
roller  that  was  revolved  by  gearing  so  that  its  circumference  traveled 
at  the  same  speed  as  the  rubber  apron.  The  rolls  of  long  tracing  and 
blue-print  paper  were  placed  on  carrier  rods  inside  the  box,  and  their 
free  ends  were  fed  in  at  one  end  of  the  convexed  surface  by  starting 
the  apron  and  cover,  which  held  them  firmly  together.  The  lids  were 
then  adjusted  to  the  proper  exposure  opening,  the  box  was  run  out 
through  a  window  on  to  a  bracket  in  the  sunlight,  the  mechanism 
was  started,  and  as  successive  parts  of  the  tracing  traveled  under  the 
exposure  opening,  the  print  was  made.  When  developed  the  print 
would  show  uniformity  of  color  and  sharp  definition  crosswise,  but 
there  was  a  slight  blur  in  the  lengthwise  direction,  due  to  the  fact  that 
as  the  transparent  cover  was  wound  on  to  the  pulling-roller,  its  circum- 
ference and  speed  were  slightly  increased,  and  the  tracing  was  pushed 
along  a  little  faster  than  the  blue-print  paper  beneath  it.  This  defect 
could  have  been  prevented  by  arranging  the  transparent  cover  like 
the  rubber  apron  in  a  continuous  band  traveling  over  slightly  larger 
rollers,  but  then  there  would  have  been  a  strip  of  lighter  color  across 
the  print  at  each  interval  where  the  joint  in  the  cover  came  in  contact 
with  the  tracing,  and  there  would  have  been  two  thicknesses  of  material 
to  print  through.  So  this  scheme  was  abandoned  in  1899,  but  more 
than  three  years  later  a  patent  was  granted  to  another  Philadelphian 
for  an  application  of  the  same  ideas,  with  the  differences  (see  Fig.  1) 
that  both  conveyors  were  long  rolls  of  material  instead  of  one  being  an 
endless  apron,  and  the  lower  one  was  drawn  with  more  or  less  friction 
over  a  ''stationary  curved  bed''  instead  of  over  a  series  of  rollers.  A 
second  patent  granted  a  few  months  later  to  the  same  i^  "o- 

tects  the  use  of  *'two  endless-apron  conveyors,"  and  ^ 

is  applied  in  the  Franklin  Blue-Print  Machine,  which  w 

later. 
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The  next  idea  and  the  one  which  has  resulted  in  the  development 
of  the  Star  Photo-Printing  Machine,  was  to  use  a  horizontal  drum  of 
sufficiently  small  diameter  so  that  it  and  the  materials  to  be  printed, 
together  with  the  necessary  driving  and  regulating  mechanism,  could 
be  carried  inside  of  a  dark-box  or  casing,  whose  dimensions  would 
permit  of  its  being  exposed  for  sun-printing  on  a  bracketed  track 
passing  through  an  ordinary  window.  In  April,  1900,  satisfactory 
prints  of  various  sizes  were  made  in  an  experimental  apparatus  con- 
taining a  drum  twelve  inches  in  diameter  by  forty  inches  long,  and  in 
October,  1900,  application  was  filed  for  a  patent  which  was  issued 
March  19, 1901.     Lack  of  time  outside  of  regular  professional  and  social 


Fio.  2. — Star  Photo-Printino  Maciiinr,  with  Casing  Closed. 


duties  has  made  its  development  rather  slow,  and  has  permitted  two 
later  inventors  to  make  an  earlier  commercial  introduction  of  their 
machines;  but  this  is  the  only  one  now  on  the  market  which  can 
be  used  for  sun-printing  under  ordinary  conditions,  while  for  electric- 
printing  it  is  the  least  expensive  and  most  rapid  for  a  moderate  con- 
sumption of  current.  The  construction  and  method  of  using  the  Star 
Photo-Printing  Machine  will  be  understood  from  a  brief  description, 
with  the  aid  of  a  few  illustrations.     The  machine  'n  three 

sizes  for  producing  prints  of  any  length  up  to  70  f«  'mum 

widths  of  30,  42  or  48  inches.     A  furniture-finisli  con- 

tains the  materials  before,  during,  and  after  prin  the 
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mechanism,  except  the  1-20  HP.  electric-motor  and  its  reducing  gears, 
which  are  carried  outside  of  one  end.  (See  Fig.  2.)  This  casing  is 
provided  with  ball  casters,  and  may  be  mounted  on  a  track  to  be  rolled 
out  through  an  ordinary  window  facing  south  for  sun-printing,  or 
may  be  placed  in  a  fully  equipped  support  for  electric  printing  by 
enclosed-arc  lamps,  or  may  be  stood  on  a  table  with  its  attached 
equipment  for  electric-printing  with  mercury-vapor  tubes.  Its  top  is 
closed  by  a  two-leaf  lid  (which  may  be  swung  open  to  rest  in  three 
different  positions),  and  by  an  adjustable  curved  shutter,  so  that  the 
exposure-opening  can  be  varied  from  0  to  105  degrees  for  sun-printing, 
and  to  120  degrees  for  electric-printing,  permitting  prints  to  be  made 
by  either  kind  of  light  with  equal  rapidity.  A  lock  is  provided  to 
fasten  the  lid  to  the  shutter  so  that  a  roll  of  sensitive  paper,  or  any- 
thing else  placed  inside  of  the  casing,  mav  not  be  meddled  with.  (See 
Fig.  3.) 

Under  the  exposure-opening  is  a  felt-covered  wooden  drum,  to 
w^hich  is  permanently  fastened  the  outer  end  of  the  transparent  cover, 
— a  strip  of  best  quality  tracing  cloth  over  70  feet  long,  carefully  pre- 
pared so  that  it  will  wind  true  off  of  its  tension  roller  and  on  to  the 
drum,  or  ince  versa.  Along  one  edge  of  this  cover,  numbers  are  stamped 
at  every  foot  to  indicate  the  maximum  length  of  print  that  may  yet 
be  made  when  part  of  the  cover  has  been  wound  around  the  drum. 
By  carrying  the  cover-strip  from  its  roll  over  another  roller  to  the 
drum,  an  inclined  feed-apron  is  formed  down  which  the  tracing  and 
sensitive  paper  are  carried  into  contact  with  the  drum  at  the  tangent- 
point  K  (Fig.  3),  and  up  which  they  are  discharged  from  K  after 
printing,  and  fall  into  the  receiving  compartment  in  the  near  side  of 
the  casing.  The  tension  of  the  transparent  cover  may  readily  be 
adjusted  by  slightly  turning  a  wing-nut  in  a  friction  brake,  so  that 
close  contact  to  the  sensitive  material  is  obtained  with  smooth 
or  rumpled  tracings,. on  thick  cloth  or  thin  paper,  traveling  at  any 
desired  printing-speed.  The  little  electric  motor  that  operates  this 
machine  is  mounted  on  a  bracket  at  one  end  of  the  casing  and  has  its 
high  speed  reduced  by  a  spur-gear-couple  to  a  driving  spindle,  which 
passes  through  the  casing  and  carries  on  its  inner  end  the  pinion  D. 
By  means  of  a  spring  latch,  outside  the  casing,  fitting  ^f  two 

grooves  around  this  spindle,  the  latter  turning  alwa^  'ion, 

is  made  to  revolve  the  drum  and  the  roll  of  transp?  ^oth 

directions.     When  the  spindle  is  drawn  out,  the  pi  Lgh 

a  second  reducing-couple  K  to  the  drum-wheel  F  im 
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and  cover  forward;  and  when  the  spindle  is  pushed  in,  the  pinion 
gears  through  an  idler  G  to  the  roller-wheel  H,  to  rewind  the  cover 
and  turn  the  drum  backward,  against  an  adjustable  friction  at  its  bear- 
ings. The  three  different  forw^ard  speeds  are  slower  than  the  three 
different  return  speeds,  and  both  are  very  regular.     Their  combina- 


Fio.  4. — Support  for  Star  Photo-Printing  Machine  and  Electric  Equipmbht. 


tion  in  double-printing  gives  nine  different  durations  of  exposure 
and  this  number  may  be  multiplied  by  changing  an  incandescent- 
lamp-resistance  at  the  top  of  the  motor,  without  the  use  of  an  external 
rheostat  or  cone-pulleys,  that  are  employed  in  other  machines. 
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The  support  for  the  Star  Photo-Printing  Machine  (Fig.  4)  is  made  of 
oak  finished  like  the  casing,  with  angle-iron  braces,  and  occupies  a 
floor-space  of  3  feet  by  4,  5,  or  5J  feet.  It  is  wired  so  that  the  binding 
posts  at  its  top  can  be  connected  at  once  to  the  mains  of  a  two-  or 
three-wire  system  carrying  110  or  220  volts,  direct  current.  Enclosed- 
arc  lamps  and  motor  having  the  same  external  shapes  and  dimen- 
sions are  furnished  for  either  voltage.  Each  lamp  is  less  than  23 
inches  high,  weighs  less  than  11  pounds,  and  has  a  current  consump- 
tion of  715  watts;  and  four  lamps  are  used  with  the  No.  30  machine, 
five  with  the  Xo.  42,  and  six  with  the  No.  4S,  placed  9  inches  between 
centers.  The  motor  consumes  about  40  watts.  The  lamp  is  a  new 
type  having  very  simple  construction  with  only  two  moving  parts; 
it  at  once  establishes  and  maintains  a  very  steady  arc  of  high  actinic 
power,  lasting  for  about  130  hours  continuous  burning  with  one  set  of 
carbons.  The  lamps  and  reflector  are  fastene<i  to  a  suspension-beam 
which  is  carried  by  ropes  anchored  to  the  top  of  the  support  and  pass- 
ing over  double-pulleys,  so  that  only  half  of  the  total  weight  is  borne 
by  the  operator  in  raising  or  lowering  the  loaded  beam.  The  reflector- 
hood  is  hung  from  two  chains  so  that  it  can  be  dropped  by  hooking 
down  one  or  more  links  when  the  consumption  of  the  carbons  brings 
the  arcs  appreciably  below  its  focal  line. 

A  Cooper-Hewitt  outfit  of  three  mercur\'-vapor  tubes  can  be  fur- 
nished for  the  No.  42  machine,  which  will  give  an  equal  printing- 
speed  with  about  one-third  of  the  current  consumption,  so  that  the 
greater  first  cost  is  soon  saved  in  the  reduced  expense  of  operation. 

With  the  machine  in  its  support  for  electric  printing  with  arc-lamps 
(see  Fig.  5),  the  shutter  and  lids  are  thrown  open;  the  suspension- 
beam  is  lowered  so  that  the  reflector-hood  covers  the  upper  third  of 
the  drum's  periphery,  and  the  lamps  are  close  to  the  exposure  surface; 
the  switch  on  the  end  of  the  support  is  thrown-in,  lighting  all  the 
lamps  at  once,  or  those  not  previously  cut  out  by  their  individual 
switches;  the  spindle  is  drawn  out  to  gear  with  the  large  wheel  E 
(see  Fig.  3)  and  the  motor  is  started  by  throwing  its  switch  to  the 
point  that  will  give  the  desired  forward  speed  to  the  drum  and  its 
transparent  cover;  the  tracing  or  negative  and  sensitive  paper  are 
placed  face  downward  on  the  feed-apron  and  are  drawn  in  at  K  between 
the  drum  and  transparent  cover,  and  the  latter  holds  them  in  close 
contact  with  the  drum  while  they  travel  around  under  t^ 
hood;  the  forward  exposure  thus  continues  automatic 
last  part  of  the  tracing  or  negative  appears  from  under 
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motor  is  then  stopped  while  the  spindle  is  pushed  in  to  gear  with  wheel 
G;  the  motor  is  started  again,  and  rewinds  the  transparent  cover 
tightly  around  its  roller,  thereby  turning  the  drum  backward  with 
the  tracing  and  sensitive  paper  still  in  close  contact  under  the  light, 


Fig.  5. — Automatic    Printing  with  ENCLosRD-ARr  Lamps. 


completing  the  exposure  and  discharging  the  tracing  and  print  at  K. 
The  machine  is  thus  restored  to  its  original  condition. 

When  making  a  single  long  print,  the  roll  of  sensitive  paper  is  slipped 
endwise  over  its  aluminum  carrier-rod,  which  is  then  inserted  into  its 
hole-and-slot  bearings  at  the  two  ends  of  the  casing;  the  motor  is  run 
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for  a  moment  while  the  free  end  of  the  sensitive  paper  is  fed  in  at  K  and 
held  by  the  transparent  cover;  the  long  tracing  in  a  roll  is  then  slipped 
over  lis  carrier,  and  inserted  in  its  bearings;  the  motor  is  started,  the 
free  end  of  the  tracing  is  fed  in,  and  the  double-exposure  is  made  as 
described  above.  As  the  tracing  and  print  feed  out  of  this  machine, 
they  drop  from  the  feed-apron  into  the  receiving-compartment  of  the 
casing;  or  while  the  tracing  is  thus  cared  for,  the  print  may  be  rolled 


MmciTLC  or 
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Fig.  6. — For  Uniform  Distribution  or  Electric  Light. 


up  by  hand  ready  for  development.  When  making  prints  from  several 
tracings,  the  roll  of  sensitive  paper  may  l>e  ii.s*^  an  dPMrrihed  above , 
and  the  tracings  fed  in  side  by  side,  or  one  niivr  anoUior.  until  all  have 
passed  under  the  cover.  The  exposed  pupt*r  is  tjimj  rut  from  the 
roll,  and  fed  out  with  the  tracings  in  reverwL^  onler  while  the^j^rintiug 
is  being  completed. 

The  best  light  from  enclosed -arcs  for  eletilrie  prmtiE^ 
by  placing  the  lamps  directly  above  the  axis  of  the  c 


i    t 


384  RondineUa — Reproduction  of  Drawings. 

strongest  rays  are  thrown  downward  from  the  upper  carbon,  and  the 
intensity  of  illumination  diminishes  rapidly  above  an  angle  of  forty 
degrees  to  the  horizontal.  These  strongest  rays  then  strike  directly 
on  the  exposure  arc  of  the  drum,  and  by  enclosing  the  lamps  under  a 
reflector-hood,  especially  designed  for  the  Star  Machine,  the  weaker 
rays  also  are  caught  and  reflected  directly  upon  the  printing  surface, 
'  so  that  all  of  the  light  is  utilized.  The  superior  efficiency  of  this  form 
of  reflector  hood  (see  Fig.  6)  depends  upon  an  original  application  of 
two  mathematical  principles  of  the  ellipse,  for  the  invention  of  which 
I  first  put  myself  on  record  before  the  Franklin  Institute  at  its  meet- 
ing of  Dec.  21,  1904.  It  is  well  known  to  mathematicians,  first,  that  a 
tangent  to  an  ellipse  makes  equal  angles  with  the  two  focal  radii  from 
the  point  of  contact;  and  second,  that  the  added  lengths  of  all  pairs  of 
focal  radii  are  equal.  By  using  a  reflector  whose  cross-section  is  an 
elliptic  curve,  and  placing  the  electric-arc  at  one  focus,  all  the  rays  of 
light  that  strike  on  its^  inner  surface  will  be  reflected  to  the  other  focus, 
and  they  will  all  have  the  same  total  length.  If  an  equal  length  be 
subtracted  from  every  reflected  ray  by  interposing  a  curved  surface 
whose  cross-section  is  a  circular-arc  with  its  center  at  the  second  focus 
of  the  ellipse,  then  the  reflected  rays  of  light  will  be  all  normal  to  the 
curved  surface,  and  will  be  all  of  equal  length  and  equal  illimiinating 
intensity.  The  elliptic  reflector  used  with  the  Star  Photo-Printing 
Machine  produces  this  effect  by  having  the  lamps  hooked  in  a  fixed 
position  to  the  suspension  beam,  from  which  the  enclosing  reflector- 
hood  is  suspended  by  two  adjustable  chains,  as  described  above,  so 
that  by  means  of  peep-holes  in  its  curv^ed  surface  it^  focal  line  can  be 
made  exactly  to  coincide  with  all  the  electric-arcs;  and  when  the  beam 
is  lowered  until  the  ends  of  the  reflector  touch  the  rest-brackets  at  the 
ends  of  the  machine-casing,  the  focal  line  of  the  reflector  is  at  the 
proper  distance  from  the  axis  of  the  drum,  so  that  the  latter  would  coin- 
cide with  the  second  focal  line  of  the  complete  ellipse.  The  distribution 
of  the  direct  and  reflected  light  on  the  curved  exposure  surface  in  the 
Star  Photo-Printing  Machine  is  so  nearly  uniform,  that  it  is  possible 
to  make  small  prints  under  its  reflector  with  the  drum  stationary. 

The  writer  naturally  thinks  his  own  machine  is  the  best,  on  account 
of  its  earlier  inception,  its  lower  cost,  its  smaller  size,  and  its  great-er 
efficiency;  but  this  paper  would  be  incomplete  without  at  least  a 
brief  description  of  the  two  other  continuous-printing  machines  that 
are  now  on  the  market.  The  Franklin  Automatic,  Continuous  Feed, 
Electric   Blue-Printing  Machine  (Fig.  7)  consists  essentially  of  two 
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strips  of  transparent  celluloid  overlapped  and  cemented  at  their  ends 
to  form  endless  bands,  each  mounted  on  two  rollers  that  are  geared 
to  travel  at  the  same  speed.  The  two  near  sides  of  these  transparent 
bands  are  kept  in  contact  by  being  pressed  down  on  to  a  fixed  convexed 
surface  which  is  located  between  the  two  runs  of  the  lower  band,  with 
its  chord  inclined  at  about  60°  to  the  horizontal.  Near  and  parallel 
to  the  outer  run  of  the  upper  band  is  a  sheet  of  plate  glass  to  protect 
the  inflammable  celluloid  from  the  heat  of  the  arc-lamps.     Motive 


Fio.  7. — Franklin  Electric  Bllk-Printing  Machine. 


power  is  furnished  by  a  one-tenth  or  one-sixth  H.  P.  electric  motor 
mounted  on  one  end  of  the  framework,  belted  to  a  counter-shaft 
which  carries  a  large  cone-pulley,  from  which  a  second  belt  runs  to  a 
second  cone-pulley  on  the  driving-shaft,  and  this  through  a  wnrm  and 
reducing-wheels  actuates  the  rollers  that  carry  the  trar  ds. 

The  speed  of  travel  of  the  bands  is  therefore  varied  e 

belt  on  the  pair  of  cone  pulleys.     At  one  side  of  the 
zontal  feed-table  is  provided,  and  a  peri}endicular  s 
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the  diffused  light  of  the  lamps  from  shining  in  the  operator's  eyes  and 
from  spoiling  the  sensitive  paper.  At  the  other  side,  on  the  floor  is  a 
dark  box  into  which  the  tracings  and  prints  drop  after  exposure,  and 
an  iron  framework  which  carries  the  enclosed-arc  lamps  (placed  7 
inches  between  centers)  and  a  reflector,  with  wiring,  switches,  etc. 
In  making  a  print,  the  tracing  and  sensitive  paper  (face  upward)  are 
drawn  from  the  feed-table  between  the  contact -surfaces  of  the  two 


Fl«.    S. — FkDRRAL    BU'E-PRINTING    MACHINE. 


bands,  over  the  fixed  convexed  surface  and  discharged  into  the  box 
on  the  other  side  of  the  machine;  and  during  this  passage  most  of  the 
light  from  the  lamps  passes  through  the  glass  and  the  tw^o  runs  of  the 
upper  celluloid  band,  and  the  print  is  made.  This  machine  occupies 
a  floor  space  5  feet  wide  by  5  or  5A  feet  long,  with  additional  space 
necessary  for  the  operator  at  both  sides  and  one  end. 

The  Federal  Blue-Printing  Machine  (Fig.  8)  consists  essentially  of  a 
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wooden  drum  about  30  inches  in  diameter,  carried  in  roller  bearings 
and  revolved  by  the  frictional  pull  of  a  transparent  cover  that  encir- 
cles one-half  of  its  periphery.  This  transparent  cover  is  a  24-yard 
roll  of  tracing  cloth  wound  upon  a  let-off  roll  which  is  provided  with  a 
friction  brake,  and  the  cover  is  threaded  around  the  drum,  through 
two  pulling-rolls,  and  on  to  a  take-up  roll,  against  which  several  fric- 
tion wheels  press.  Motive  power  is  supplied  by  a  one-fourth  H.  P. 
electric  motor,  belted  to  a  clutch-pulley  with  a  speed  regulator,  and 
from  there  is  transmitted  to  the  pulling-rolls  through  a  worm-couple, 
a  bevel-couple,  and  a  spur-couple  of  gear  wheels,  on  three  non-parallel 
shafts.  On  the  feed  side  of  the  machine  is  a  rest-shelf  to  carry  the 
sensitive  paper  and  tracings,  and  at  the  bottom  a  receiving  compart- 
ment for  the  tracings  and  prints  after  exposure.  On  the  opposite 
side  of  the  machine  the  enclosed-arc  lamps  (placed  7  inches  between 
centers)  in  a  plane-sided  reflector,  are  carried  on  brackets  fastened  to 
the  framework  in  such  a  position  that  the  light  is  horizontally  oppo- 
site the  drum-shaft,  and  the  vertical  opening  of  the  reflector  encloses 
about  90  degrees  of  the  drum's  circumference.  In  making  a  print  the 
sensitive  paper  and  tracing  are  held  face  outward  against  the  drum, 
and  pushed  up  until  their  ends  are  caught  between  the  drum  and  the 
transparent  cover;  after  which,  in  traveling  automatically  half  around 
the  drum  they  are  exposed  to  the  arc  lights,  and  finally  drop  into  the 
receiving  box.  When  the  entire  length  of  the  transparent  cover  has 
been  run  through  the  machine,  it  must  all  be  re-wound  on  to  the  let- 
off  roll  before  further  printing  can  be  done.  This  machine  occupies 
a  floor  space  4  feet  wide  by  4J,  5J,  or  6}  feet  long,  and  is  over  5  feet 
high. 

Where  there  is  a  large  wash-tank,  a  long  print  can  readily  be 
developed  by  folding  it  back  and  forth  while  it  is  pushed  under  the 
water  or  solution,  and  it  can  be  dried  by  hanging  it  in  the  same  way 
from  a  series  of  parallel  wires  or  cords  of  moderate  length,  great  care 
being  taken  to  prevent  its  tearing  while  wet.  For  developing  long  prints 
in  a  narrow  tank,  and  for  drying  them  in  a  small  space,  the  writer  has 
designed  a  washing-frame  and  drying  reel  that  one  person  can  operate. 
The  washing-frame  (Fig.  9)  is  made  of  ash,  finished  with  spar-varnish, 
and  the  metal  parts  are  of  brass,  aluminum,  and  zinc,  so  that  water 
will  not  injure  it.  The  bottom  of  this  frame  is  immersed  in  the  water 
in  the  tank,  which  need  only  be  2  feet  wide  by  3i,  4i  or  5  '  '  ' 
The  upper  part  is  made  to  slide  up  and  down  in  the  lo*' 
nearly  2  feet,  so  that  the  top  may  be  on  a  higher  level  than  tV 
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operator.  The  exposed  print  is  wound  on  a  roller,  which  is  then  placed 
in  bracket-bearings  on  the  lower  frame.  The  hinged  strip  carrying 
one  of  the  two  rubber  wipers  at  the  top  of  the  frame  is  then  drawn 
up,  and  a  metallic  fastener  strip  (attached  by  tapes  to  the  shaft  of 
the  drying  reel)  is  passed  over  two  aluminum  rollers  at  the  very  top 
of  the  frame,  through  the  wiper  opening  down  under  two  more  alumi- 
num rollers  inrmaersed  in  the  water,  and  up  to  rest  on  the  front  edge 


Fig.  9. — Washino-Frahb  for  Long  Prints. 


of  the  tank.  There  the  free  end  of  the  exposed  print  is  attached  to 
the  fastener-strip  by  spring-clips  arranged  so  as  to  prevent  tearing,  and 
is  laid  in  the  bottom  of  the  tank;  and  (through  a  rubber  hose  attached 
to  a  faucet)  water  is  turned  into  a  sprinkler-tube  that  passes  back  of 
the  framework  below  the  top.  Then  by  winding  the  drying  reel,  the 
tapes,  with  the  fastener-strip  and  the  attached  blue-print  are  drawn 
back  through  the  water  in  the  tank,  and  up  back  of  the  sprinkler 
which  thoroughly  washes  the  print.   When  the  fastener-strip  has  passed 
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through  the  wiper  opening,  the  spring-hinged  wiper-strip  is  released, 
and  the  two  rubbers,  pressing  on  opposite  sides  of  the  washed  print 
as  it  is  drawn  through,  wipe  off  the  loose  water  as  effectively  as  a  pair 
of  wTinger-rolls. 

The  Drying  Reel  (Fig.  10)  is  capable  of  carrying  80  feet  of  material, 
and  consists  essentially  of  a  rectangular  framework  5  feet  high  by 
3i,  4i  or  5  feet  long,  suitably  braced,  and  carrying  on  the  inside  of 
its  uprights  two  bracket-bearings  with  hinged  caps,  so  that  they  may 
be  tightened  with  more  or  less  friction  around  the  journals  of  the  reel 
proper.  The  latter  has  a  large  wooden  shaft  with  three  or  more  grooves 
in  which  are  wound  the  tapes  attached  to  the  metallic  fastener-strip 
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already  referred  to;  and  it  carries  at  each  end  a  six-armed  spider 
with  a  winding-handle  at  the  end  of  each  arm.  In  the  inner  face  of 
the  arms  circular  holes  are  provided  in  one  spider,  and  slots  with  springs 
in  the  other;  and  into  these,  aluminum  tubes  are  inserted  as  the  reel  is 
slowly  turned,  and  the  developed  print  is  drawn  from  the  top  of  the 
washing  frame  around  the  tubes  in  the  form  of  a  six-chord  spiral. 
The  back  of  the  print  is  kept  in  contact  with  the  tubes  to  prevent  a 
slight  chemical  discoloration   which   would  otherwi«'  nnd  a 

little  slack  is  allowed  in  the  winding  to  allow  for  c  the 

print  dries.     Although  it  takes  but  a  slsurt  time  k  int 

to  dry,  the  loaded  reel  can  be  lifted  from  its  l)cnri  xty 

one  substituted  for  immediate  use  if  desir<xL 
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W.hile  the  old-style  glass  printing-frames  are  perhaps  sufficient  for 
those  having  only  a  few  drawings  of  small  size  to  reproduce,  a  machine 
that  will  rapidly  make  good  prints  of  any  size  in  the  open  air  when  the 
weather  is  warm  and  the  sunlight  steady,  or  indoors  by  day  or  night 
when  the  outside  conditions  are  unfavorable,  will  prove  a  very  econom- 
ical addition  to  the  photo-printing  equipment  of  a  large  and  progres- 
sive establishment. 

DISCUSSION. 

L.  F.  RoNDiNELLA  (answering  a  question). — The  sp>eed  of  electric  printing 
in  this  machine  is  about  equal  to  that  of  clear  sunlight  through  the  plate-glass  of 
a  large  printing  frame.  For  example,  the  sensitive  paper  that  we  have  here  re- 
quires a  total  exposure  of  about  eighty  seconds  to  make  prints  either  way  with 
the  dark-blue  color  that  you  see;  and  with  a  more  sensitive  solution  I  have 
made  equally  good  blue-prints  on  this  machine  with  sixty  seconds'  exposure  to 
electric  light  or  fifty  seconds'  exposure  to  sunlight.  The  unique  feature  of  the 
machine  is  its  ability  to  make  very  long  prints  in  one  piece,  and  it  is  of  course 
true  that  for  making  a  single  small  print  a  machine  is  not  so  advantageous  as  a 
blue-print  frame;  but  in  a  printing-room  where  it  is  necessary  to  make  a  large 
number  of  small  prints,  the  tracings  can  be  fed  into  the  machine  one  after  another 
on  a  long  roll  of  blue-print  paper,  and  in  that  way  a  great  deal  of  time  is  saved. 

Carl  Herino. — A  somewhat  similar  apparatus  could  be  made  by  simply 
using  a  Cooper-Hewitt  tube,  and  slowly  drawing  the  tracing  and  blue  print- 
paper  together  over  the  tube,  using  the  tube  as  a  drum.  The  paper  would  then 
be  ^nthin  about  i  of  an  inch  of  the  light  itself. 

Mr.  Roxdinella. — It  might  be  possible  to  mount  a  Cooper-Hewitt  tube  in 
that  way,  so  that  the  tracing  and  blue-print  paper  could  be  carried  over  as  de- 
scribed, T)ut  I  fear  it  would  not  work  very  well,  for  it  would  be  difficult  to  get  good 
contact. 

Wm.  McClellan. — The  Cooper-Hewitt  tubes  might  bum  the  paper. 

Mr.  Roxdinella. — I  think  they  would  at  least  melt  the  paraffin  in  the  trac- 
ing if  brought  as  close  as  Mr.  Hering  suggests.  Of  course,  there  is  comparatively 
little  heat  from  the  Cooper-Hewitt  lamp,  but  when  you  put  your  hand  on  it  you 
find  that  it  is  pretty  hot,  and  if  you  kept  a  tracing  against  it  long  enough  to  print, 
I  think  there  would  be  trouble.  The  (^ooper-He\\ntt  outfit  that  we  furnish  ^ith 
my  42-inch  machine  is  a  very  compact  arrangement  where  the  three  or  four  tul>es 
are  each  in  its  little  elliptic  reflector,  in  a  framework  which  carries  the  necessar>' 
resistance  coils  on  top,  and  is  lowered  over  the  drum  to  a  rest  position  where  the 
axes  of  the  tubes  are  two  inches  from  the  printing-surface. 

The  President. — Is  tliere  any  danger,  when  turning  the  drum  back,  of  the 
tracing  or  the  pai>er  slipping  and  making  a  secondary  exfiosure? 

Mr.  Roxdixella. — We  have  never  had  that  experience.  I  do  not  see  how  it 
could  occur,  because  they  are  pressed  close  together  by  the  transparent  cover 
which  is  fastened  to  tlie  drum  and  completely  encircles  it.  In  the  other  drum- 
machine  which  I  spoke  of,  I  think  slippiige  is  possible,  although  I  have  seen  ver\' 
good  i>rints  made  on  it. 
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F.  G.  Thorn. — When  the  print  returns  the  second  time  past  the  light,  is  it 
removed  from  the  machine  or  can  it  be  run  through  again  without  displacement? 

Mr.  Rondinella. — Repeating  the  complete  exposure  is  an  experiment  that 
I  have  not  tried,  for  it  is  possible  to  use  a  speed  slow  enough  to  print  even  through 
a  paper-negative  with  one  forward-and-retiun  nm.  I  think,  however,  that  a 
short  tracing  could  be  run  through  again  if  it  were  desired  to  do  so;  but  I  am 
afraid  that  with  a  long  tracing,  on  account  of  the  skewy  character  of  the  tracing 
cloth,  it  would  probably  run  in  a  Uttle  differently  the  second  time,  and  possibly 
blur  the  print.  If  several  small  drawings  are  made  on  absolutely  different  mater- 
ials, like  tracing  cloth  and  bond-paper,  for  instance,  you  cannot  get  anything  like 
uniform  results  when  printing  them  together  in  any  apparatus;  but  if  all  are 
made  on  tracing  cloth,  there  might  be  perhaps  a  little  darker  shade  in  one  than  in 
another,  but  they  could  all  be  good  prints. 

Mr.  Thorn. — If  you  take  several  pieces  of  linen,  even  off  the  same  roll,  handled 
by  different  draftsmen,  perhaps  one  will  be  on  the  board  two  hours,  another  on 
the  board  a  week ;  there  is  also  a  difference  in  the  draftsmen,  one  may  have  a  little 
more  moisture  in  his  hand,  and  the  tracings  will  be  a  little  more  opaque.  Or 
one  of  the  tracings  may  have  been  in  its  drawer  two  years,  and  the  operator  has 
to  judge  by  the  linen  or  paper  whether  it  will  give  quick  results  or  not,  whereas  if 
the  operator  could  examine  each  print  by  turning  it  back,  I  think  he  would  get 
much  better  results. 

Mr.  Rondinella. — It  takes  more  experience  on  the  part  of  a  photo-printer 
to  see  the  ultimate  color  from  an  undeveloped  print  than  it  does  to  foretell  the 
relative  translucence  of  several  negatives  or  tracings.  So  if  he  is  familiar  with 
the  sensitiveness  of  his  paper,  he  can  judge  how  long  to  expose  each  different 
negative  or  tracing.  With  a  new  lot  of  paper,  when  making  a  print  from  one  trac- 
ing in  a  frame  with  hinged  back  he  might  determine  the  necessary  exposure  by 
bringing  in  the  frame,  and  examining  one  end  of  the  print.  But  when  printing 
from  several  tracings  at  one  time  it  is  impossible  to  do  that,  in  a  frame  or  in  any 
other  apparatus,  without  misplacing  some  of  the  tracings  and  spoiling  the  print. 
The  usual  and  best  way  to  determine  the  sensitiveness  of  new  paper  is  expose  a 
small  scrap  of  it  under  a  tracing  in  the  printing  apparatus  for  a  measured  length 
of  time,  and  the  character  of  the  developed  scrap  will  show  whether  a  longer  or 
shorter  time  is  necessary  for  the  prints  made  subsequently. 

Mr.  McClellan. — How  are  those  long  prints  dried? 

Mr.  Rondinella. — The  long  print  on  the  wall,  which  is  three  feet  wide,  was 
washed  in  the  washing-frame  and  dried  on  the  reel  described  in  the  paper,  and  the 
compactness  of  the  apparatus  may  be  judged  from  the  fact  that  the  printing  was 
done  by  simlight  on  a  bracketed  track  outside  of,  and  was  washed  and  dried  inside 
of,  a  closet  measuring  4  J  by  9  feet.  The  long  narrow  print  was  washed  by  hand 
in  a  tank  by  folding  it  back  and  forth  in  the  water,  from  which  it  was  removed 
while  folded,  and  then  straightened  out  as  each  fold  was  fastened  to  spring-clips 
on  a  drying  wire.  Of  course,  the  wet  print  must  be  wound  on  the  reel  or  hung 
from  the  wire  with  a  little  slack  to  allow  for  contraction  in  drying. 

W.  F.  Ballinqer. — Would  it  pay  to  instal  this  apparatus,  say  in  an  architect's 
office  where  blue  printing  costs  from  $50  to  $60  per  month?  Cr~  ^'-^  ^'-^e  print 
paper  be  bought  already  sensitized  or  can  the  operator  sensiti? 

Mr.  Rondinella. — The  paper  can  be  bought  already  sensi  >n 
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or  fifty  yards,  which  may  be  carried  and  kept  in  the  machine;  not  only  for  m^lritig 
blue-prints,  but  for  making  paper  negatives  with  translucent  lines  on  an  opaque 
background,  and  positive  prints  with  blue  or  dark-brown  lines  on  a  white  back- 
ground. As  to  whether  the  expense  of  the  machine  would  be  warranted  in  an 
office  whose  blue-print  bills  amount  to  $50  or  $60  a  month,  I  think  I  can  answer 
without  quoting  figures,  by  saying  that  the  cost  of  the  machine  would  be  saved 
probably  in  nine  months  if  a  boy  was  already  employed  who  could  run  the  ma- 
chine; while  if  it  were  necessary  to  employ  a  boy  especially  for  the  purpose  of 
operating  the  machine,  it  might  take  a  year  to  save  the  cost.  Of  course,  it  would 
not  be  necessary  to  pay  very  high  wages  to  a  boy  who  could  operate  it,  as  it 
requires  but  little  skill. 

Mr.  Herinq. — What  is  the  cost  of  current  per  ho\ir  for  the  apparatus,  at  the 
usual  city  prices? 

Mr.  Rondinella. — For  operating  this  machine  on  either  110  or  220-volt 
circuits  each  lamp  requires  715  watts  per  hoiu*;  and,  figuring  the  cost  of  the 
current  at  ten  cents  a  kilo-watt-hour,  the  expense  would  be  about  seven  cents  a 
lamp,  or  less  than  thirty  cents  for  the  four  lamps  per  hour,  running  continuously. 
With  this  machine  only,  that  expense  may  be  avoided  by  using  sunlight  when  it 
is  strong  and  clear;  but  when  it  is  weak  or  variable,  the  time  saved  by  electric 
printing  and  the  more  uniform  results  will  compensate  for  the  cost  of  current. 

Eugene  D.  Hays. — In  relation  to  the  amount  of  heat  given  out  by  the 
Cooper-Hewitt  tubes,  I  wish  to  say  that  we  place  them  If  inch  away  from  the  film 
of  a  photographic  negative  without  damaging  the  negative  in  any  way.  That 
is,  1}  inch  in  an  enclosed  frame.  Consequently,  in  a  blue  print  frame,  with 
a  little  ventilation,  we  would  be  able  to  get  at  least  that  close,  and  that  will  give 
us  very  rapid  results.  I  have  been  able  to  secure  a  very  satisfactory  print  in 
twenty  seconds,  printing  through  glass  only,  on  paper  which  takes  1}  minutes  on 
the  Franklin  blue-printing  machine  for  the  same  result. 
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ABSTRACT  OF  MINUTES  OF  THE  CLUB. 


Business  Meeting,  June  3,  1905. — President  Comfort  in  the  chair.  Eighty- 
two  members  and  visitors  present. 

Dr.  H.  £.  Wetherill  described  an  instrument  called  the  "  Angleometer." 

Mr.  Constantine  Shuman  read  a  paper  on  "  The  Simplex  System  of  Concrete 
Piling." 

The  Tellers  announced  that  George  B.  Harris  and  Wm.  Lawrie  Reid  were 
elected  to  active  membership  and  that  John  Gwilliam  was  elected  to  junior 
membership. 

The  Nominating  Committee,  nominated  by  the  Board  of  Directors,  was 
announced  as  follows: — L.  Y.  Schermerhom,  Chairman,  Francis  Schumann, 
E.  M.  Nichols,  Edwin  F.  MiUer  and  W.  B.  Riegner. 

Business  Meeting,  September  16,  1005. — President  Comfort  in  the  chair. 
Sixty-nine  members  and  visitors  present. 

The  Nominating  Committee,  as  finally  nominated  by  the  Board  of  Directors, 
was  accepted. 

Dr.  Henry  Leffmann  read  a  paper  on  ''The  Microscopic  Structure  of  Build- 
ing Stones." 

The  Tellers  announced  that  John  W.  Meyer  and  Harry  S.  Parks  were  elected 
to  junior  membership. 
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ABSTRACT  OF  MINUTES  OF  THE  BOARD  OF  DIRECTORS. 


Special  Meehnq,  June  3.  1905. — Present:  President  Comfort,  Vice-Presi- 
dent King,  Directors  Davis,  Quimby,  and  Devereux,  the  Treasurer  and  the 
Secretary. 

The  Nominating  Committee  was  nominated  as  follows. — L.  Y.  Schermer- 
hom,  Chairman,  Francis  Schumann,  £.  M.  Nichols,  Edwin  F.  Miller,  and  W. 
B.  Riegner. 

Adjourned  Meeting,  June  12,  1905. — Present:  President  Comfort.  Vice- 
Presidents  McBride  and  King,  Directors  Dallett,  Davis,  Devereux,  and  Easby, 
the  Treasurer  and  the  Secretary. 

The  report  of  the  Treasurer  for  May  and  Jime  was  read  and  accepted  as 
follows : 

May,   Balance  March  31,  1905, $2866.57 

April  Receipts, 791.65 

3658.22 
April  Disbursements, 838.20 

2820.02 

Jime,  Balance  April  30,  1905, 2820.02 

May  Receipts, 374.00 

3194.02 
May  Disbursements, 443.13 

$2750.89 

It  was  moved  and  carried  that  the  salary  of  the  clerk  be  increased  from  $35 
to  $40  per  month,  to  date  from  July  1st. 

It  was  moved  and  carried  that  a  Tally  Register  for  the  use  of  the  Janitor 
in  counting  the  attendance  at  meetings  be  purchased. 

It  was  moved  and  carried  that  it  is  the  sense  of  the  Board  that  Book  Re- 
views of  all  books  sent  to  the  Club  for  reviewing  should  be  confined  to  a  brief 
statement  of  the  contents  and  general  subject  matter  treated  in  the  book,  and 
that  they  should  follow  the  practice  of  the  Am.  Soc.  C.  E. 

Regular  Meeting,  Sept.  16,  1905. — Present:  President  Comfort,  Vice- 
President  McBride,  Directors  Dallett,  Davis,  Devereux,  Loomis,  and  Quimby, 
and  the  Secretary. 
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The  action  of  the  President  in  arranging  for  the  change  in  the  position  of 
Chairman  of  the  Nominating  Committee  from  Mr.  Schermerhom  to  Mr.  Schu- 
mann, was  approved. 

The  Finance  Committee  presented  a  routine  report. 

The  meeting  of  the  Club  of  October  7th  was  appointed  a  business  meeting. 

The  report  of  the  Treasurer  for  the  months  of  June,  July  and  August  was 
presented  as  follows: 

Balance  May  31,  1905, $2750.89 

Receipts, 

Jime, $354.09 

July, 230.95 

August, 302.75  887.79 

Disbursements,  $3638.68 

June, 422.07 

July, 729.49 

August, 254.61  1406.17 

2232.51 
Balance  August  31,  1905, $2232.51 
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From  Chas.  D.  Walcott,  Director. 
Twenty-fifth  Annual  Report,  Geological  Survey,  Mineral  Resources  of  the 
United  States. 

From  Henry  H.  Spraoue,  Chairman. 
Fourth  Annual   Report  of  Metropolitan  Water  and   Sewerage    Board  of 
Boston,  Mass. 

From  James  M.  Swank. 
Annual  Statistical  Report  of  the  Am.  Iron  &  Steel  Association. 

From  Commissioner  of  Patents. 
Annual  Report  for  1004. 

From  Sewerage  and  Water  Board  of  New  Orleans,  La. 
Tenth  Semi-Annual  Report  for  1904. 

From  Henry  B.  Kummel,  State  Geologist. 
Annual  Report  of  State  Geologist  for  1004. 

From  Publication  Committee. 
Volume  III,  Fire  Insurance  Society  of  Philadelphia. 

From  Theodore  A.  Leisen,  Chief  Eng. 
Thirty-fifth  Annual  Report  of  Board  of  Water  Commissioners  of  Wilming- 
ton, Del. 

From  W.  S.  Blatchley,  State  Geologist. 
Twenty-ninth  Annual  Report  of  Department  of  Geology. 

From  Geo.  S.  Webster,  Chief  Eng. 
Annual  Report  for  1904,  of  the  Bureau  of  Surveys  of  Philadelphia. 

From  Corinthian  Yacht  Club. 
By-Laws,  Racing  Rules,  etc.,  of  The  Corinthian  Yacht  Club  for  1905. 

From  Geo.  W.  Rafter. 
Hydrology  of  the  State  of  New  York. 

From  Charles  H.  Rust,  City  Eng. 
Annual  Report  of  the  City  Engineer  of  the  City  of  Toronto  for  the  year  1904. 
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HOifl^SON 

PATENT5 

PHIL  ADELPH I A 

Sbb  Second  Covbr  Page 

Wj\.i*sh  Ra^okino  Co. 
philadelphia  pa. 

f^tkxxxxttkGtxxT^rm  of 

"Walsh  Metal  Face  Packing" 

THE  GREATEST  HYDRAULIC  PACKING 
ON  THE  MARKET 

Walsh  Conbination  Boiler  Gaaketa  can  be  used 
from  lo  to  30  times. 


Albz.  O.  Spabxs  8.  W.  BTAjrt 

SPARKS  &  EVANS 

Contractors, 
14  S.  Bfloftd  Street        Phflnirfphh  Pa. 

MAfOlTBT  A  tPKOALTT 


icnnsylvania  jVIilitary  College 

Chester,  Pa.    43d  Year  begins  September  21st,  I904. 


Degrees  in  Civil  Engineering,  Chemistry,  Aru  Thorough  Preparatory  Courses. 
Infiuitry,  ArtiUery,  Cavalry.  "  A  MiliUry  School  ^  tho  higktti  orJtrr—V,  S. 
Wab  Dsrr.  Catalogues  of  Col.  C.  B.  HYATT.  Prealdrat 

C.  L.  BERGER  &  SONS    SSTSSlJlr) 

Improved  Engineering  and  Surveying  Instruments 

37  WUlUms  Street,  Boaton,  Mass. 


•  Tb«y  wtcmt  in  their  Imtnunents :  Accuracy  o/tUvinon  ;  SimplkUy  in  mam^uiatioH  ;  Lig-ktmcss  cmm- 
%kudwiih  Hrcngth:  Ackrotmaiie  UUtco^,  with  high  power:  Stomdimo**  ^  Adjuttmumit  mmdor 
9mryimg  Umpormiurtt :  StiffmctM  to  avoid  any  tremor,  oven  in  a  Mtrong  wind,  and  through  workmum' 
sh^  in  ovorypart. 

Their  instruments  are  in  general  use  by  the  U.  S.  Government  Engineers,  Ge<4ogists  and  Surveyors; 
and  the  range  of  instruments,  as  made  by  them  for  River,  Harbor,  City,  Bridge,  Tunnel,  Railroad  and 
Mining  Ei^neering,  as  well  as  those  made  for  Triangulation  or  Topographical  Work  and  Land  Suiw 
veying,etc.,  is  lai^er  than  that  of  any  other  firm  in  the  country. 

Iliastnited  Manual  and  Catalogna  sent  on  Application. 
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THE  WATSON-STILLMAN  CO. 

46  Dey  St,  New  York 

HYDRAULIC 


PUMPS 
PUNCHES 


Accumulators  Valves  Ctc 


IMPROVED  HYDRAULIC  JACKS 

Scad  for  Cataloca*  Xin 


Philadelphia,  'Pa. 

MODERN    MACHINE    TOOLS 


SHAFTS 
HANGERS 
COUPUNGS 
PULLEYS 
ETC,,  ETC. 


IMPROVED 
INJECTORS 
/br  FEEDING 
All  Kinds  of 
BOILERS 


TRAVELING  CRANES,  SWING  CRANES,  ETC. 


The  Careful  Printing 


of  your  Technical  and  Selenttfle  Works,  your  Catalon,  \ 
Booklets,  and  your  l^amphleta,  increaaea  their  value  and  inakas 
them  vastly  more  appreciated. 

Work  of  this   nature,— the  reprodnetlon  of  Half-tones,  the 

printing  of  Color  Plates,  attractive  and  artistic  display,  and  the 
adding  of  that  little  something  which  means  so  much  to  the  finished 
work,  is  our  specialty. 

Our  facilities  and  experience  in  this  line  are  at  your  disposal,  and  we 
shall  be  pleased  to  quote  you  on  your  next  work,  be  it  large  or  small. 

WM.  F.  FELL  COMPANY 

T^rifiter^  1220.1224  Sansom  Stroot 

PhllsdelpKtaL 
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THE 

eiGINEERING 
MAGAZINE 

BKDBRSSVEBNIDOIDnS  &  NK^^ 


The  '  Enginbering  Magazine  publishes  the 
best  origioal  articles  by  the  highest  authorities  on 
all  phases  of  current  engineering  progress. 

Additional  and  exc/usive  features  are:  A 
Review  and  Topical  Index  to  the  current  contents 
of  nearly  two  hundred  engineering  and  industrial 
journals ;  Current  Record  of  New  Technical  Books ; 
Industrial  News;  latest  Improred  Machinery  and 
new  Trade  Literature. 

Ask  for  sample  copy  and  descriptire  areolar. 


THE 

ENGINEERING 
MAGAZINE 

140442  Nassau  SU  New  York 


Adverti$emeni8. 


GOOD  WORDS 

Nothing  is  more  striking  than  the  extent 
to  which   expert  engineers    recommend 


WEBSTER 

FEED -WATER  HEATERS 

AND  PURIFIERS 

Engineers  must  be  cautious.  Their 
reputations  are  easily  injured.  They  can- 
not afford  to  recommend  a  heater  unless 
it  has  been  long  and  widely  used,  and 
thoroughly  tested. 

Nearly  two  million  horse -power  of 
Webster  Heaters  in  use. 

Send  for  Booklet  29-F. 

"VV^arren  "VV^ebster  &  Co- 

CAMDEN,  N.  J. 

Philadelphia  Office:     1x05  Stephen  Girard  Building 


AdverUdementi. 


IN 


"UNION" 

THERX  IS   STRENGTH 


An  Old  Adage 
and  a  True  One 


<r.::::;»j 


UNION 


:!^nn>^r^^' 


In  sand  -  carrying  qualities  and  tensile  strength, 
government  long  time  tests  show  "UNION" 
ROSENDALE  CEMENT  to  be  equal  to  the 
best  Portlands. 


LESLEY  (&  TR.INKLE  COMPANY 

GENERAL  SALES  AGENTS 
604  Pennsylvania  Bldg.,  zsth  and  Chestnut  Sts.,  Philadelphia 


VNION 

R(t!lt  MtJM  I 


UNITED 

BUILDING  MATERIAL 

COMPANY 

320  Broadway,  New  York 
zoz  Milk  St.,  Boston,  Mass. 
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Indispensable  Technical  Books 
For  the   Reference   Library 


Ore  Dressinsr. 

By  Prof.  R.  H.  Richards.    Two 

Vols.     Octavo,  Cloth, ^lo.oo 

Nature  of  Ore  Deposits. 

By  R.  Beck  and  W.  H.  Weed. 

Two  Vols.     Octavo,  Cloth,      .    .      8.00 

Qold  Dredging. 

By  Capt.  C.  C.  Longridge.  Oc- 
tavo, Cloth,    ' 4.00 

Pyrlte  Smeltinsr. 

By  T.  A.  RiCKARD  and  others. 
Octavo,  Cloth, 2.00 

Economics  of  Minlnsr. 

By  T.  A.  RiCKARD,  W.  R. 
Ingalls,  and  others.  Octavo, 
Cloth, 2.00 

Qeolosry  as  Applied  to  Minlnsr. 

By  J.  E.  Spurr.  Flexible  Mo- 
rocco Covers  for  Pocket  Use,   .   .      2.00 

Copper  Mines  of  Lake  Superior. 

By  T.  A.  RiCKARD.  Octavo,  Cloth,      i.oo 


Send  for  oar  new  technical  catalogue,  Jnet  iMned.    It  will 
help  you  In  your  business.   Free  for  the  asking.   Do  it  now. 


The  Engineering  and  Mining  Journal 

Publishers  and  General  Booksellers 

505   Pearl   Street,   New   York 
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THE  PROCEEDINGS 


OF 


THE  ENGINEERS' Club 


OF 


PHILADELPHIA 


PUBLISHED     QUARTERLY 


A    Splendid    Advertising   Medium 


For  space  and  rates  address 


GEO.  T.  GWILLIAM 

Chairman  Advertising  Committee 

or  WALTER  LORING  WEBB 

Secretary 

1 122  Girard  Street,  Philad'*'-*'--'^ 
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New  YORK. 

49  Dkv  8t. 


THE 

DODGE 
CONVEYOR 

(Patented) 

FOR  HANDLING 

COAL.   ASHES.   ETC. 

Has  no  overlapping  edges,  nor  lip  exten- 
sions. Instead  of  these  derices,  smaller  back- 
ets are  secured  rigidly  between  the  non-over- 
lapping gravity  buckets  and,  extending  beneath 
the  gaps  which  separate  them,  catch  the  leak- 
age. Coming  into  position  above  the  ascend- 
ing gravity  buckets,  each  delivers  its  share 
into  the  gravity  bucket  next  following.  The 
flexibility  of  the  conveyor  is  in  no  way  inter- 
fered with.  It  is  SIMPLE,  PRACTICAL, 
DURABLE,  CLEANLY. 

THE  LINK-BELT  ENGINEERING  CO. 
PHILADELPHIA 

ROH.  CNICAOO. 

PARK   BLOO.  THK   LINK-BKLT  MCH'V  CO. 


COCHRANE 

Feed  Water  Heaters 
Steam  Separators 
Oil  Separators 

Cochrane  Heaters  and  Cochrane  Steam  and 

Oil  Separators  are  designed  to   give   the 

steam  user  the  fullest  use  of  his   steam. 

2,500,000  H.P.  of  Cochrane  Heaters  in  present  service.  More  than  10,000 

Cochrane  Separators  installed.     If  you  are  in  the  market  for  heaters 

or   separators    it    will    pay   you    to   investigate   the    "Cochranes." 

Catalogues  free. 

HARRISON    SAFETY   BOILER  WORKS 
3151  N.  17th  St.,  Philadelphia,  Pa. 


GOLD   MCD*L 
Louisiana  Pumcmasc  CxpoaiTien 


AdvertLtemenia, 


Men  of  Responsibility 

Wish  to  Change 

Every  technical  man  of  experience  and  ability  has  a 
desire  to  improve  the  position  in  life.  You  may  want 
one  of  these  men  some  day.  When  you  do,  be  sure  to 
insert  a  "  Situation  Open  "  advertisement  in 

ENGINEERING     NEWS. 

The  rate  is  3  cents  a  word,  set  solid,  or  I1.50  an  inch 
when  displayed. 

The  largest  employers  use  this  journal  when  wanting 
experts. 


"Sitnatioa  Open  (or  *  Vacant')." 
"  The  advertinemeot  in  your  *  Want  * 
columns  some  time  ago  resulted  in  my  re* 
cetvinjK about  75  replies.  What  results  will 
attena  the  otner  advertisement  now  run- 
ning you  will  be  able  tqjudge  for  yourself." 
L.  W.  A.,  Cy.  Engr.— April  4,  1905- 

**  We  made  inquiries  from  the  heads  of 
various  departments  as  to  their  opinion  of 
the  value  of  your  paper  as  a  means  for  ob> 
tainins:  first-class  men.  One  of  the  men 
described  it  very  pithily  as  a  *  Cracker- 
jack/  and  the  other  two  were  unanimous 
In  saying  that  as  a  medium  of  advertiiting 
for  gooo  men  your  paper  was  unexcelled. 
Also  that  the  class  of  men  advertining  for 
situations  was  good .  We  take  much  pleas- 
ure in  testifying  from  our  own  experience 
to  the  excellence  of  your  paper  as  a  source 
from  which  to  obtain  really  first-class  en- 
gineers."      C.  W.  H..  S.  I.— April  7.  1905. 

Advertising  for  Partners. 
"  I  am  verv  much  pleased  at  the  results 
of  my  advertising  on  both  recent  occasions. 


While  the  replies  have  not  been  numerous, 
what  were  received  were  to  the  point,which 
is  better." 

F.  A.  S.,  New  Haven,— May  1,  1905. 

*'  I  received  15  replies  to  my  late  adver- 
tisement, which  would  appear  to  be  a  very 
fair  number  considering  the  character  of 
the  parties  that  I  wanted  to  reach."  • 

W.  F.  M..  N.  Y.-July  18, 1905. 

Advertising  for  a  Professor  in  Bagia- 
eering. 
"  From  the  returns  I  think  we  shall  have 
no  difficulty  in  securing  a  suitable  person 
for  the  vacancy.*' 

S.  R.  C,  Lincoln,— July  5, 1905. 

Draftsmen  Always  Wanted. 
"  I  beg  to  acknowledfj^e  receipt  of  your 
letter  of  the  7th,  advising  that  you  had 
notified  several  of  your  *  Situation  Wanted  * 
advertisers  that  there  was  a  vacancy  for  a 
draftsman  in  this  office,  and  beg  to  thank 
you  for  the  same." 

N.  Y.  C.  &  H.  R.  R.  R.,-April  8,  1905. 


You  cannot  afford  to  be  without  this  paper,  as  the  Construction  News 
and  the  transient  advertising  pages  alone  are  well  worth  the  subscription 
price.  Subscription  J5.00  a  year;  J2.50  for  6  months;  ji.oo  for 
10  weeks.     Sample  copy  10  cents. 

ENGINEERING  N^ 

220  BROADWAY, 
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Municipal  Engineering  Mugnjine 

Keeps  engineers  informed  of  the  latest  and  best  engineering 
problems  of  cities  throughout  the  entire  country. 

It  treats  in  a  clear,  concise  and  practical  way  upon  such  subjects 
as  concrete  and  cement  construction  in  all  forms,  street  paring  of 
every  kind,  street  lighting,  water  works,  sewerage  and  sewage 
disposal,  and  public  sanitation. 

To  men  interested  in  these  subjects,  and  to  many  others  that 
come  within  our  scope,  MUNICIPAL  ENGINEERING  will  prove 
invaluable  to  them. 

Over  1000  pages  a  year;  Subscription  Price,  $2.00  a  year 


The  Hand'Book  for  Cement   Users 

Meets  the  practical  every -day  needs  of  the  engineer,  architect, 
and  cement  worker,  who  wants  to  know  how  to  select  the  best 
cement,  how  to  write  specifications  for  the  work  into  which  the  cement 
is  to  go,  how  to  put  the  cement  together,  and  how  to  estimate  the 
quantities  of  materials  required  and  their  cost. 

There  is  no  other  b<x>k  published  that  devotes  its  space  entirely 
to  the  practical  side  of  the  use  of  cement,  leaving  out  all  theory  and 
unnecessary  data  that  to  the  average  person  are  confusing. 

The  demand  for  such  a  publication  has  been  so  urgent  that  three 
editions  have  been  necessary  in  four  years. 

Full  Clotli,  365  pages,  $3.00 


The  Directory  of  jlmerlcan  Cement 
Industries 

The  only  representative  of  the  cement  trade,  giving  data  concern- 
ing cement  plants  and  names  of  persona  engaged  in  the  manufacture 
of  cement,  brands,  sales  agents,  dealers,  contractors,  engineers, 
chemists,  makers  and  dealers  in  machinery  for  cement  users, 
manufacturers  and  dealers  in  lime  and  plaster,  etc.,  etc. 

Tliird  Edition,  up-to-date,  full  dotli,  740  pages,  $5.00 


Address 

Municipal  Engineering  Co. 

Dept.  C  28  S.  Meridian  Street  Indianapolis,  Ind. 
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LAMBERT 
HOISTING  ENGINES 

ARE  UNEXCELLED 


FOR  PILE  DRIVING,  DOCK  BUILDING, 

BRIDGE  BUILDING, 

QUIRRYING,  MINING,  HOD  HOISTING, 

CONTRACTORS 

AND  ALL  HOISTING  PURPOSES, 

TRAVELING  DERRICKS. 


ELECTRIC  HOISTS 

SUSPENSION  CABLEWAYS 

SEWER  CABLEWAYS 


Pine  and  Cypress 

Log  Hauling 

and 

Loading  Engines. 

Speoial  Log 

Loading  Engines 

and  Pull  Boat 

Machinery 


UMBERT  HOISTING  ENGINE  COMPANY 

MAIN  OFFICE  AND  WORKS,  115-121  POINIER  ST.,  NEWARK,  N.  J. 

NEW  YORK  OFFICE,  85  LIBERTY  ST.  (SINGER  BUILDING) 


CAMBRIDGE  (BOSTON): 
117  Main  St. 

CHICAGO: 
Old  Colony  BulMIng 


PHILADELPHIA: 
1716.1717  Market  St. 

BALTIMORE,  MD.: 
23  Buililort'  Exchange 


ALLEGHENY,  PA.:  ST.  LOUIS: 

Lacock  and  Sandusky  Stt.  716-717  North  2d  St. 


SAN  FRANCISCO: 
Stuart  and  Foltom  Stt. 


NEW  ORLEANS.  LA.: 
722-724  fimrlAr  St. 
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For     space     and     rates     address 
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Chairman    Advertising    Committee 

or    WALTER    LORING    WEBB 

Secretary 
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Business  Established   tSafi 
HOWARD  WOOD,  President  J.  R.  JONES,  S«<u^t«iT  *nd  Tt«ftiaKt 

Alan  Wood 
Iron  and  Steel  Company 


MANUFACTURERS    OF 


BASIC  OPEN  HEARTH  STEEL  BILLETS,  BLOOMS,  SUBS, 

SHEET  BARS,  UNIVERSAL  MILL  PLATES,  AND 

BLACK  AND  GALVANIZED  IRON  AND  STEEL 

SHEETS  AND  PLATES 


specialties: 

Locomotive  Jacket,  Blue  Annealed,  Bath  BoUer,  Swede  and 
Norway  Sheets,  Gas  Holder,  Corrui^ated,  Best  Bloom,  A.  W* 
clean,  M.  P.,  Cold  Rolled  Sheets,  FicVled  and  Cold  Rolled 
Sheets,  Electrical  Iron  and  Steel,  Best  Last,  Water  Ptpe  and 
Light  Plates. 

••  A.  W.  DIAMOND  '*  and  *•  A.  W.  RIBBED  *'  PATTERN 
ROLLED    STEEL    FLOOR    PLATES* 

Sizes   Furnished  on   Application, 

No.  519  Arch  Street 
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THE 

ENGINEERING 

RECORD 

Devotes  its  pages  to  articles  of  special  interest  to 

SUPERINTENDENTS    AND     MANAGERS     OP     POWER 
PLANTS 

WATERWORKS      ENGINEERS     AND     SUPERINTEND- 
ENTS 

CONSTRUCTING  AND  CONTRACTING  ENGINEERS 

HEATING  AND  VENTILATING  ENGINEERS 

BRIDGE  AND  STRUCTURAL  ENGINEERS 

GOVERNMENT  AND  STATE  ENGINEERS 

COUNTY  ENGINEERS  AND  SURVEYORS 

MILL  ARCHITECTS  AND  ENGINEERS 

STEAM  AND  HYDRAULIC  ENGINEERS 

RAILWAY  AND    HIGHWAY  ENGINEERS 

CITY  AND  MUNICIPAL  ENGINEERS 

DRAUGHTSMEN  AND  ESTIMATORS 

ARE  YOU  ONE  OF  THESE? 

If  so,  you  will  find  each  issue  of  interest  to  you 

Subscription  Price       -        -        .        $3.00  per  year 

Sample  copy  free  on  request 
PUBLICATION  OPPICB8 

114  LIBERTY   STREET,   NEW  YORK 
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THE 


ENGINEERING 
MAGAZINE 

BiaRO&SIRBNIDbEinS&  M^ 


The  '  ENcmEERTNG  Magazine  publishes  the 
best  original  articles  by  the  highest  authorities  on 
all  phases  of  current  engineering  progress. 

Additional  and  exclusive  features  are:  A 
Review  and  Topical  Index  to  the  current  contents 
of  nearly  two  hundred  engineering  and  industrial 
journals ;  Current  Record  of  New  Technical  Books ; 
Industrial  News;  latest  Improyed  Machinery  and 
new  Trade  Literature. 

Ask  for  sample  copy  and  descriptiTe  drcular. 
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TO  OBTAIN  THE  GREATEST  ECONOMY  USE 

FAIRBANKS-MORSE 
STEAM  PUMPS 

Regular  or  Special  Sizes  for  Any  Service 

It  will  help  reduce  fuel  expenses  to  send 
for  and  read  Bulletin  No,  656  S  P 

FAIRBANKS,  ^ORSE  &  CO. 

c^ain  Office,  Chicago,  RL 
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